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4.0  PRCXHIAM  RESULTS 

4.1  SmPACB-WATBt  {XlAWITTY  RBSULT8 


This  sectkm  pceseots  hydrologic  ioformatioii  dus  was  (^)tained  during  Water  Year  1990.  This 
infonnatkm  com^ises  climatic,  stream,  lake  and  pond  data,  including  results  from  eadi  component  of 
dm  surfiK»water  nKmitoring  netwwk  that  was  estaUished  under  previous  contracts  and  newly  established 
during  the  3  years  of  the  surftce-watff  CMP.  The  con^neots  of  die  surface-water  quandQr  program 
addressed  in  diis  sectkm  are  gaging  station  data,  lake  and  pond  data,  discharge  to  streams,  lakes  or 
dianneis  that  originste  on  RMA,  and  climatological  data.  The  climatic  data  includes  RMA  tenqierature, 
(ued^itation  and  ev^mration  conditions.  Volumes  calculated  for  lakes,  streams  and  diluents  (e.g.. 
Sewage  Treatment  nant)  ate  presented  in  this  section.  Hydrogn^hic  analyses  are  presented  for  surface- 
water  trends  and  extremes  for  quantity  monitoring  stations  during  Water  Year  1990.  Hydrognqdiic 
results  of  quantity  monitoring  stations  are  presented  to  illustrate  surface-water  trends  and  extremes  during 
Water  Year  1990.  Appendix  A  contains  all  detailed  water  quantity  information  conqiiled  during  Water 
Year  1990. 


4.1.1  1990  CXiMATCXXXHCAL  CONDITfONS 

The  prevailing  climatic  conditions  that  affect  surface-water  at  RMA  include  temperature,  precipitation 
and  evqmration.  Weadwr  statistics  have  been  conpiled  for  Water  Year  1990  by  the  CMP  Surface-Wder 
Ekment  using  several  sources  of  data.  Precipitation  and  tenperature  information  was  obtained  from  the 
National  Weather  Service  Station  located  2  miles  soutii  of  RMA  at  Stipleton  Airport  and  die  CMP  air 
dement  of  RMA  udiidi  monitors  four  weatiier  towers  located  duoughout  die  Arsenal.  An  additional  rain 
gage  near  the  South  Plants  area  was  monitored  by  die  CMP  Surface-Water  Element,  and  evaporation  data 
were  obtained  by  the  USACOE  from  Cherry  Credt  Reservoir.  Table  4. 1-1  summarizes  Wat^  Year  1990 
weather  statistics,  which  indudes  monthly  totals  and  averages  of  tmnperature,  precipitation  and 
ev^mration  data.  A  conparison  of  precipitation  data  from  Stapleton  Airport  with  evaporation  data  from 
Cherry  Credc  Reservoir  is  displayed  in  Figure  4.1-1;  whereas.  Figure  4.1-2  compares  monthly  totals  of 
prec^titation  data  collected  from  Stipleton  Airport,  CMP  air  dement  and  the  South  Plants  rain  gage. 
Ihete  was  minimd  variation  between  the  Soudi  Plants  rain  gage  and  CMP  air  dements  precipitation  data 
in  Water  Year  1990,  but  Stapleton  Airport  recorded  hi^er  monthly  precipitation  totals  for  8  mondis  of 
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Table  4. 1-1  Monthly  Temperature,  Precipitation  and  Evaporation  Data,  Water  Year  1990 


MONTH 

CMP  AIR  ELEMENT^ 

Average  Total 

Temp  Precipitation 
(F)  0°ches) 

STAPLETON 

AIRPORT^ 

Average  Total 
Tenq>  Precipitation 
(F)  Owm) 

SOUTH  PLANTS 
RAIN  GAGE^ 

Total 

Precipitation 

Qn^es) 

CHERRY 

CREEK* 

Total 

Evaporation 

Gnches) 

October 

51.06 

0.29 

51.3 

0.81 

0.57 

4.30 

November 

42.73 

0.03 

42.8 

0.15 

0.23 

2.70 

Decaid>er 

27.68 

0.22 

27.3 

0.81 

0.16 

0.90 

January 

36.16 

0.32 

36.4 

0.74 

0.48 

0.70 

Fd>ruary 

32.44 

0.11 

33.3 

0.55 

0.24 

0.90 

March 

38.45 

1.97 

39.5 

3.10 

2.22 

1.60 

April 

47.47 

0.58 

49.1 

1.01 

0.79 

3.20 

54.89 

1.58 

56.6 

1.51 

1.50 

6.27 

June 

71.78 

0.28 

72.6 

0.21 

0.29 

9.97 

July 

68.87 

2.58 

70.8 

3.57 

2.32 

7.72 

August 

69.70 

2.42 

71.3 

1.96 

1.23 

7.71 

Se^ember 

65.44 

1.18 

66.9 

1.46 

1.01 

6.37 

Montiily  Ave. 

50.56 

0.96 

51.49 

1.32 

0.92 

4.36 

YEARLY  TOTALS 

11.56 

15.88 

11.04 

52.34 

1  CMP,  Air  Element  oonqiilation  of  four  meteorological  towers  on  RM  K. 

2  NOAA  Monthly  Summaries,  Sti^leton  Airport  Weathn  Station. 

3  South  Plant  Ram  Gage  with  no  tempentture  recorded.  Monitored  by  CMP  Surface-Water  personnd. 

4  Dq>artment  of  Corps  of  Engineas,  Chary  Qeek  Reservoir. 
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die  yoar  CTdble  4.1-1,  Rgofe  4.1-2).  Appendix  A-11  omtains  the  daily  prec4>ititioii  rao(»ds  for  each 
mondi  in  Water  Year  1990  based  on  data  collected  by  die  CMP  ur  demeot  at  RMA. 

Tenqieratutes  measured  at  die  Suqileton  Airport  weather  station  followed  a  general  traid  of  decreasing 
temperatures  from  Septembw  to  January  and  increasing  teoqieratures  from  January  to  August.  June  was 
die  hottest  month  in  Water  Year  1990  widi  an  average  tea^ieratureof72°F,whaeas  December  was  the 
coldest  mondi  widi  an  average  temperature  of  27*F.  Hie  highest  daily  mean  tenqierature  was  Sd’F 
recorded  on  June  27,  and  die  lowest  daily  mean  temperature  was  -3'*F  recorded  on  December  21  and  22. 
The  average  annual  tenqierature  for  Water  Year  1990  was  SI  .S”F,  based  on  die  Sti^leton  Weadi»  Station 
(Table  4.1-1). 

Evaporation  followed  a  normal  decreasing  trend  from  Sqitember  to  January  and  an  increasing  trend  from 
January  to  August  with  a  deviation  from  normal  in  June  which  recorded  9.97  in.  of  evaporation;  a  high 
for  Water  Year  1990.  January  had  die  lowest  monthly  recording  of  0.70  in.  of  evaporation.  Watn  Year 
1990  had  an  accumulated  total  of  52.34  in.  of  evaporation  which  exceeded  precipitation  by  36  in.  and 
averaged  4.36  in.  of  evi^radonper  month.  Total  mondily  precipitation  was  Iowa*  dian  total  evjqioration 
in  every  month  except  January  ami  March  CPigure  4.1-1).  Eviration  values  bad  beoi  determined  by 
collecting  daily  pan  evqxiration  readings  in  conjunction  with  nomograph  data  at  Cherry  Creek  Reservoir. 
The  nomogn^h  determined  ev^ioration  by  using  mean  daily  tenqierature,  solar  radiation,  mean  daily  dew 
point  temperature  and  wind  movemmt  data.  Due  to  freezing,  die  mondis  of  November  1989  duough 
April  1990  yten  estimated  from  earlier  years. 

Based  on  die  National  Weather  Service  records  at  Sti^leton  Airport  CTable  4. 1-1),  the  total  precipitation 
for  Water  Year  1990  was  15.88  indies,  this  is  marginally  hi^er  dian  last  year’s  total  and  is  1.23  in. 
greatn:  than  the  Weadiw  Service  30-year  normal  precipitation.  Recent  extrraie  annual  precipitation 
amounts  recorded  at  Sti^leton  Airport  are  a  hi^  of  23.3  in.  in  1967  and  a  low  of  8.45  in.  during  1962. 
The  hii^est  mondily  total  for  Watw  Year  1990  was  3.57  in.  recorded  in  July  and  the  lowest  monthly  total 
was  0. 15  in.  in  Novembo:.  The  most  precipitation  to  fall  widiin  a  24hour  pmod  in  Water  Year  1990 
was  1.34  in.  on  July  9,  which  was  during  a  9-day  period  of  rain,  between  July  3  and  July  11,  in  which 
a  total  of  1.64  in.  of  rain  fitil.  Frequent  summer  diundmtorms  contributed  significant  amounts  of 
predpitation  on  RMA  in  July  and  August. 
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During  summer  thunderstorms  some  areas  of  RMA  may  receive  a  measurable  antount  of  precipitation 
while  other  areas  may  receive  none  at  all.  The  acquisition  of  the  CMP  air  dement  precipitation  record 
and  die  surftce-water  demoit  South  Plants  rain  gage  assist  in  documenting  this  phenomena.  A  7-day 
period  of  rain  from  August  14  to  August  20  displayed  large  variations  in  accumulated  rainfall.  Suqileton 
weadier  station  recorded  0.7S  in.  during  this  period,  whereas  the  CMP  air  dement  and  the  South  Plants 
rain  gage  recorded  2.03  in.  and  0.63  in.  respectivdy. 

CMP  surfiKe-water  personnd  observed  during  die  summer  that  many  afternoon  storms  on  RMA  were 
r^ionally  isolated  and  covwed  only  sections  of  the  Arsenal,  usually  moving  in  from  the  west.  The  CMP 
air  dement  has  four  meteorological  monitoring  stations  on  RMA  figure  2.3-2)  The  meteorological 
tower  M4  was  the  primary  station  used  for  data  collection,  but  substitutions  were  made  from  stations  Ml, 
M2  and  M3,  if  needed.  The  M4  towtf  is  located  near  the  soudi  boundary  of  Section  25  about  S  mi  north 
of  Suqileton’s  weather  station,  and  is  1.5  mi  north  of  die  South  Plants  rain  gage.  The  other 
meteorological  towns  are  located  in  Sections  25, 26  and  36  ^Figure  2.3-2).  Stapleton’s  weather  stations 
recorded  hi^n  predpitation  for  8  months  of  Water  Year  1990  and  lower  precipitation  for  the  remaining 
4  mondis.  The  CMP  air  demmt  rain  gage  followed  die  same  precipitation  trends  as  Stapleton,  but 
recorded  less  precipitation  (4.32  in.)  for  the  year.  The  South  Plants  Rain  Gage  located  just  south  of  the 
plant  near  "D"  Street  (Figure  2.3-2)  had  fluctuating  monthly  values  conaqpared  to  the  Stapleton  Weather 
Station  and  CMP  urdnnmt  records  during  Watn  Year  1990  but  the  yearly  total  was  11.04  in.,  less  than 
0.5  in.  diffo’ence  when  compared  to  die  CMP  air  d^nent’s  yearly  total.  Average  monthly  temperatures 
from  Stiqileton  and  die  CMP  air  dement  wm  consistent  during  Water  Year  1990  and  differed  by  less 
dian  1  degree  bdween  stations. 

4. 1 .2  Havana  Interceptor  Gagino  Station 

Havana  Interceptor  is  located  in  the  Irondale  Gulch  drainage  basin  and  receives  storm  sewer  runoff  from 
the  southern  portion  of  Montbello  and  also  receives  surface  runoff  from  the  undeveloped  area  east  of 
Montbello  (Figure  2.3-2).  The  drainage  area  above  the  station  is  5.23  sq  mi,  of  whidi  2.6  sq  mi  is  urban 
storm  sewer  drainage.  Stream  stage  is  monitored  with  a  Campbell  Scientific  CR-10  (digital)  data 
logger/bubblOT  system.  This  station  does  not  have  a  staff  gage  or  a  Stevens  Type  F  (analog)  recorder 
backup  in  place  due  to  the  lack  of  a  suitable  location  for  this  type  of  equipment. 
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4. 1.2. 1 


The  stage-discharge  rdationship  at  the  Havana  Interceptor  gaging  station  is  depicted  by  the  rating  curve 
for  the  station.  HEC-2  channel  analysis  (USACX)E,  1982)  was  onployed  to  devdop  die  Havana 
Interc^tor  rating  curve.  The  rating  curve  is  validated  and  refined  by  obtaining  instantaneous  discharge 
measurements  throughout  the  year. 

4. 1 .2. 1 . 1  Continuous  Stage  Data 

The  discharge  record  for  Havana  Intercqitor  was  produced  by  converting  die  digital  stage  data  of  die  CR- 
10  data  ioggor  to  computed  instantaneous  discharge  values  derived  from  the  newly  revised  stage-discharge 
relationship.  The  computed  instantaneous  discharge  values  are  dien  con^iled  and  reduced  to  mean  daily 
discharges  (Appendix  A-8).  Relative  accuracy  ratings  of  die  daily  mean  discharges  were  determined  for 
each  station  based  on  USGS  standards,  where  "excellent"  means  diat  about  95  p^cent  of  die  rqiorted 
daily  mean  discharges  for  a  specified  time  pmod  are  widiin  ±5  pmrent  of  actual;  "good"  within  ±  10 
percent;  "fair"  widiin  ±  IS  ptfcent;  and  "poor"  meam  that  approximatdy  95  percent  of  the  r^rted  daily 
mean  discharges  have  less  than  "fair"  accuracy  (Rantz,  1982). 

The  continuous  stage  record  at  Havana  Int^^jptor  for  Water  Year  1990  is  considered  poor.  Periods  of 
estimated  records  include: 

•  December  4,  10,  11,  13-15,  20-31,  1989; 

•  January  1,  31,  1990; 

•  February  2-4,  15-17,  1990; 

•  AprU  1-14,  1990; 

•  May  1-31,  1990; 

•  me  1-11,  24-30,  1990; 

•  July  1-3,  10-31,  1990;  and 

•  August  1 ,  7-24,  1990. 

Stage  data  w^e  collected  at  the  Havana  Interceptor  station  throughout  the  freezing  months  of  Water  Year 
1990;  however,  ice  conditions  in  the  channel  sometimes  produced  erroneous  stage  values  when  flow  was 
not  occurring  and  the  record  was  estimated  during  these  periods  between  Decemb^  1989  and  February 
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1990.  A  significant  portion  of  data  were  lost  between  April  and  August  during  Water  Year  1990  due 
to  malfunctions  in  the  station’s  CR-10  data  logger.  Estimates  of  stream  stage  based  on  observed  stage 
readings  during  weekly  monitoring  rounds  and  flow  ^  Peoria  Intercq>tor  were  used  to  fill  in  areas  of 
missing  or  incorrect  data  in  die  Havana  Intmcqitor  stage  record.  Peoria  Intercqitor’s  record  was  used 
to  make  these  estimates  because  changes  in  stage  at  the  two  stations  are  very  similar  and  die  stations  are 
also  located  within  die  same  drainage  basin.  The  CR-10  unit  was  rqilaced  in  August  1990  and  p^ormed 
satisfactorily  the  rmnainder  of  Water  Year  1990. 

4.1.2.1.2  Rating  Curves  and  Equations 

The  mediodology  for  rating  curve  devdopment  ami  rating  curve  verification  genially  followed  standard 
procedures  described  in  USGS  Water  Supply  Piqier  2175  (Rantz,  1982).  Rating  equations  were  devdoped 
to  mathematically  describe  the  straight-line  segments  of  the  rating  curve  and  are  presetted  in  Appmidix 
A-4. 

The  rating  curves  for  each  of  the  gaging  stations  at  RMA  have  varying  degrees  of  accurai^  for  the 
defined  and  extrapolated  regions,  primarily  because  of  the  structure’s  complex  hydraulic  behavior  at 
various  stages  or  the  lack  of  verifiable  instantaneous  disdiarge  measurements  at  high  and/or  very  low 
flows  as  described  in  Appoidix  A-3.1.  Havana  Intercqitor  is  the  only  RMA  surfoce-water  station  that 
does  not  have  a  structure  that  controls  the  waiec  surface  profile  upstream  of  the  station.  Each  rating 
equation,  thwefore,  has  a  unique  characteristic  curve  tiiat  r^resents  tiie  combined  factors  of  channel 
geometry,  channel  bed  conditions,  bank  geometry  and  diannel  approach  conditions,  artificial  structure 
size  and  type,  and  streamflow  conditions.  Structure,  channel  control  and  rating  curve  types  for  each 
station  are  described  in  Table  4.1-2. 

A  theoretical  rating  curve  was  previously  developed  for  Havana  Interc^tor  using  die  USACOE  Water 
Surface  Profile  Model,  HEC-2  (USACOE,  1982),  to  predict  gage  heights  and  corresponding  discharges 
from  channel  geometry.  This  method  of  determining  the  stage-discharge  relationship  was  considered  best, 
as  limited  verifiable  instantaneous  discharge  and  staff  measurements  were  available  for  empirical  rating 
curve  development  in  Water  Year  1989.  During  Water  Year  1990,  however,  nine  verified  instantaneous 
disdiarge  and  staff  measuremmits  were  taken  (Appendix  A-S).  These  subsequent  measurements  indicated 
that  a  slight  adjustment  was  justified  in  the  lower  region  of  the  rating  curve.  Since  there  were  no  verified 
instantaneous  discharge  and  staff  measurements  made  in  the  upper  region  of  the  rating  curve,  rating  curve 
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TaUe  4.1-2  Siuftoe-Waler  Stnictuns,  CSuumel  Ccmtn^  ud  Rsdng  Corv«B  at  RMA  Gapng 


Station 

Structure 

Control 

Rating 

bondale  Goldi  Drainaae  Basin 

Havana  IntecceptoT 

Concrete-lined  Clumnri 

Channd 

Iheoreticai 

Peoria  imetcqrtor 

90°  V-notch  Weir  Plate/Shaip-crested 

Section 

Empirical 

Ladora  Wdr 

Standard  Suppressed  Rectangular  Wdr 

Section 

&i4>irical- 

Lalraratory 

Soiidi  Uvalda 

Broad-crested  Wdr  with  V^iotch 

Compound 

Enq>irical 

NotAUvalda 

Broad-crested  Wdr  widi  Vniotdi 

Compound 

Ki^irical 

Hig^ine  Lateral 

Gpolletd  Weir 

Section 

Enq[>irical 

Soudi  Hants  Ditdi 

90°  V-notch  Wdr  Plate/Shaip-crested 
Suppressed  Rectangular  Wdr 

Section 

Empirical- 

Laboratory 

First  Creek  Drainage  Basin 

Soudi  First  Greek 

V-notch  concrete  weir 

Section 

Empirical 

Nordi  First  Creek 

V-notch  concrete  wdr 

Section 

Empirical 

First  Credc  Off-Post 

Concrete  Triangular-diroated  flume 

Section 

Enqpirical- 

Lalmratory 

South  Platte  Drainaae  Basin 

Basin  A 

90°  V-notch  Wdr  Plate 

Section 

En^irical- 

Lalmratory 

Basin  F 

Galvanized  sheet-metal  200mm 
long-diroated  flume 

Section 

Empirical- 

Lalmratory 

SWAR-90.TB1 


nwitkm  was  oonfined  to  Ae  lower  regton.  The  adjusted  radng  curve  is  considered  good,  both  in  the 
defined  and  eactr^wlated  r^k»s.  The  rating  curve  for  Havana  Interceptor  is  presented  in  A{q>endix  A- 
3.2. 

4.1.2.2  Surface-Water  Hvdroloric  Conditions 

Havana  Inleroeptor’s  drainage  area  is  a  predominantly  urban  watershed  and  flow  at  the  station  is 
intermittent.  Sources  of  surfooe-waler  at  Havana  Interceptor  and  other  RMA  conthnuMis  monitoring 
stathms  are  presented  in  Table  4.1-3.  Discharge  records  for  Havana  Interceptor  and  all  (Mher  RMA 
surface-water  monitoring  stations  are  presented  in  Appendix  A-8.  Streamflow  conditions  for  Havana 
Interoeptor  including  mean  monthly  discharge,  maximum  daily  discharge,  minimum  daily  discharge  and 
total  montiily  streamflow  volume  are  presented  in  the  following  sections. 

4.1.2.2.1  Streamflow  Qunacteristics  and  Extremes 

Havana  Interceptor  exhibits  flow  characteristics  ^kal  of  stations  not  influenced  by  diversions  and 
inflows  from  controlled  releases.  Flow  is  derived  primarily  from  off-post  sources  and  contributes  to  the 
overall  inflow  volume  of  water  to  RMA.  Precfoitation  occurr  g  on  RMA  does  not  contribute 
significandy  to  flow  in  Havaiu  Interceptor  since  tributary  drainage  is  limited  and  poorly  defined. 

Maximum  flows  occur  primarily  in  die  spring  and  summer  as  the  result  of  snowmelt  runoff, 
thunderstorms  and  extended  rainfall  events.  A  significant  proportion  of  precipitation  produces  runoff  to 
diis  station  due  to  reduced  infiltration  in  die  urban  watershed  area.  Minimum  flows  occur  primarily  in 
die  fall  and  wint^  when  conditions  are  dry  or  triien  watm  in  the  channd  is  frozmi.  The  maximum 
mondily  runoff  volume  duriug  Water  Year  1990  was  220.96  ac-ft  (0.79  in.  over  the  S.22  sq  mi  drainage 
area)  and  occurred  in  M^  1990.  The  minimum  monthly  runoff  volume  was  greats  dian  0.(X)  ac-ft  but 
less  than  0.01  ac-ft  which  is  the  minimum  volume  diat  can  be  rqiorted  rdiably.  Only  trace  amounts  of 
flow  occurred  in  Decmnber  1989  and  January  1990. 

Diurnal  fluctuations  were  recorded  at  Havana  Intmrcqitor  during  Water  Year  1990.  Daily  peaks  in 
streamflow  during  baseflow  conditions  goierally  occur  in  die  evoiing  to  early  morning,  indicating  diat 
reduced  eviqiotranspiration  rates  and  evening  or  ni^dy  lawn  watering  may  contribute  to  streamflow 
during  this  time  p^iod.  Similar  diurnal  flow  conditions  are  presmit  at  Peoria  Interceptor  and  South 
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Tible  4.1-3  SurfiKO-Watar  Sources  at  RMA  Gaging  Stations 


Station 

Prunary  Source 
of  Surnce-water 

Secondary  Source 
of  Surfrce-water 

iTOBtolff  Qiritih  Pninagg  Bmm 

Havana  Inleroeplor 

Urtun  Runoff 

Direct  Prec^itation 

Peoria  Interoeptor 

Urban  Runoff 

Direct  Pre^itation 

Ladora  Wdr 

G>ntro!led  Releases 
from  Lower  Derby  Lake 

None 

SoutiiUvalda 

Baaeflow  (ground-water 
inflow) 

Urban  Runoff/Direct 

Precipitation 

Nottii  Uvalda 

Controlled  Releases  from 
Hijblioe  Lateral  and/or 

South  Uvalda 

Urban  RunofffDirect 

Precipitation 

Higliline  Lateral 

Controlled  Flow  diverted 
^m  Soufli  Platte  River 

None 

South  Plants  Ditch 

Watershed  Runoff 

None 

First  Creek  Drainage  Basin 

Sotttii  First  Ctedr 

Baseflow  (ground-water 
inflow)/Watersbed  Runoff 

Direct  Prec^itation/ 

Controlled  Row  from  Highline  Canal 

Nortii  First  Credr 

Baseflow  (^und-water 
inflow)/Watwshed  Runoff 

Direct  Preciphation/ 

ControUed^ow  from  Highline  C!anal 

First  Credt 

Baseflow  (ground-water 

Controlled  Flow  from 

Off-Post 

inflow)/Watershed  Runoff 

Highline  Canal 

South  Hatte  Drainage  Basin 

Basin  A 

Baseflow  (ground-watm 
inflow) 

Watershed  Runoff 

Basin  F 

Direct  Precipitation 

Watershed  Runoff 
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Uvilda  bUKoeptor;  however,  direct  oomperisoos  ere  difficult  to  make  due  to  difBeceacee  in  the  gtonn 
sewers  and  open  diannd  drainages  contained  widiin  die  roq^ecdve  drainage  areas. 

4.1.2.2.2  Animal  Streamflow  Analysis 

Streamflow  at  Havana  Interceptor  varied  considerably  tfaroii^Mmt  Water  Year  1990  as  illustrated  in  die 
numdily  total  disdiarge  hydrogr^di  (Figure  4.1-3).  Minimal  flows  occurred  from  October  1989  dirough 
February  1990;  however,  streamflow  was  slgnificandy  higher  firtmiMardi  1990  dirouth  September  1990. 
Ibe  mean  daily  peak  flow  was  recorded  in  Mi^,  1990  and  the  instantaneous  discharge  peak  occurred  in 
July  1990. 

Total  disdiarge  fluctuated  ^didy  firom  mid-winter  to  nud-eummer  with  each  month  varying  from  high 
water  volume  to  moderately  low  water  volume.  These  fluctuations  are  reflected  in  the  monthly 
predphadon  record  which  also  displays  a  similar  pattern  (Figure  4.1-2).  The  initial  water  volume  peak 
of  192.91  ac-ft  in  March  1990  is  indicative  of  a  late  winter  reqionse  to  thawing,  increased  pre^itation 
and  snowmdt  runoff.  A  period  of  low  precipitation  reduced  flow  to  only  33.02  ac-ft  in  April  1990; 
however,  high  prec^itation  in  Mqr  1990  increased  die  watm  disdiarge  volume  to  220.96  ac-ft,  which 
was  the  maximum  mondily  water  volume  for  Havana  Interceptor  in  Water  Year  1990.  Late  ^ring  was 
relativdy  dry  at  RMA  and  die  total  discharge  was  reduced  significandy  in  June  1990  to  30.43  acre-foet. 
Several  long  duradon  storm  events  occurred  during  July  1990  and  subsequendy  increased  the  total 
discharge  volume  to  165.92  acre-feet.  Water  volumes  gcmoally  decreased  dirou^ut  die  summer,  as 
soil  moisture  was  depleted  due  to  increased  evapotranspiradon  and  reduced  amounts  of  precipitadon.  The 
total  disdiarge  volumes  measured  in  August  1990  and  Sqnember  1990  were  133.79  ac-ft  and  93.60  ac-ft 
respectively.  A  total  of 901.45  ac-ft  (2.94  x  10*  gallons)  was  measured  at  die  stadon  during  Water  Year 
1990.  This  is  ecpiivalent  to  3.11  in.  of  runoff  from  the  watershed  (28.2  percent  of  the  precipitadon 
measured  at  the  South  Plants  Rain  Gage). 

4.1. 2.2.3  Mean  Mondily,  Maximum  Daily  and  Minimum  Daily  Flows 

The  mean  monthly  flows  at  Havana  Intncqitor  ranged  from  only  trace  amounts  in  Decmnb^  1989  and 
January  1990,  to  a  maximum  of  3.6  cfs  in  May  1990.  Mean  mondily  flows  were  hipest  in  late  winter 
and  mid-q>riiig.  Maximum  daily  flows  woe  genially  6  to  17  dmes  greats:  than  die  mean  mondily 
flows,  which  indicates  diat  die  maximum  high  flow  events  are  usually  short  duration  and  do  not 
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oontrttMite  significantiy  to  the  meui  moodily  disduoge.  Minumim  daily  flows  were  as  low  as  0.00  c& 
during  November  and  December  1989,  and  January  thiou^  Match  1990.  Maximum  daily  flows  ran^ 
from  0.76  ds  in  Fdiruary  1990  to  48.0  c£i  in  May  1990.  A  monthly  summary  of  daily  minimum, 
maximum  and  mean  discharges  for  all  RMA  surfoce-water  monitoring  stations  during  Water  Year  1990 
is  presented  in  Tdile  4. 1-4.  Annual  plots  for  these  values  are  illustrated  in  Figure  4. 1-14  and  Figure  4. 1- 
25. 

4. 1 .2.2.4  Streamflow  Storm  Runoff  Hydrogr^ihs 

Streamflow  storm  hydrognqidis  observed  at  RMA  during  Water  Year  1990  represent  flow  conditions  in 
response  to  precipitation  events  typical  for  this  area  of  Colorado.  Precipitation  data  were  acquired  by 
die  CMP  air  elonent  and  are  used  for  comparisons  with  the  stream  hydrographs.  Six  hi^  or  extended 
storm  events  (March  5,  6,  1990;  Mi^  29,  30,  1990;  July  7-11  and  29,  1990;  August  14-20,  1990; 
S^rtember  17-21,  1990)  were  analyzed  to  describe  dieir  dfect  on  flow  conditions  at  Havana  Intercqitor 
(Table  4.1-5).  The  storms  that  occurred  during  late  winter  and  spring  produced  high  accumulations  of 
precipitation  ovw  2-day  periods.  Storm  duration  for  the  March  1990  event  totaled  22  hours,  and  die 
duration  of  the  May  1990  event  was  10  hours.  Storm  events  occurring  in  die  summer  goierally  exhibited 
high  accumulations  of  precipitation  occurring  over  5  di^  or  more  with  several  discrete  thunderstorms 
of  short  duration  (usually  3  hours  or  less)  occurring  widiin  diese  multiday  events.  The  single  day  event 
recorded  during  the  summer  (July  29,  1990)  was  a  brief  diundastorm  with  a  very  hi^  amount  of 
precipitation  measured. 

Havana  Interc^tor  responded  to  storm  events  in  a  manner  that  is  typical  of  watKsheds  affected  by 
urbanization.  Stream  response  occurred  shortly  vSbsx  die  onset  of  precipitation,  and  peak  flow  was  usually 
reached  in  less  than  3  hours.  Streamflow  recession  was  also  rdatively  rapid,  and  gmierally  lasted  6  to 
10  hours.  Other  RMA  surfsce-wat^  monitoring  stations  that  mchibit  a  storm  response  similar  to  Havana 
Intnc^tor  include  Peoria  Intm-cqitor,  South  Uvalda  and  Basin  A. 
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TaMe  4.1<4  Sunmucy  of  Daily  Minimum  and  Maximum  Diadiariges,  Instantaneous  Mininann  and  Maxinnun 
Disdianea  and  Itman  Daily  Diadiarce  for  Badi  Mondi  of  Record,  at  RMA  Oagiiw  Smtions 
during  Water  Year  1990 


Daily  Instantmeous  Daily  Instantaneous  Daily 

Minimaim  Minimum  Maxinaun  Maximum  Mean 

Station  Disdiarge  Dhcfaarge  Disdiarge  Disdiarge  Disdiarge 

(cfii)  (c&)  (cfo)  (cfo)  (eft) 


Havana  hterceptor 
Poorift  InloiOQplor 
Ladora  Weir 
SoutiiUvalda 
North  Uvalda 
Hij^iUne  Lateral 
Soodi  Plaiits  Ditdi 
South  Rest  Creek 
North  Hiat  Creek 
First  Creek  Off-Post 
BasinA 
BasinF 


Havana  foterceptor 
Pemia  Interceptor 
Ladora  Weir 
Soudi  Uvalda 
Nmth  Uvalda 
Hi^ine  Lateral 
Sora  Plants  Ditch 
Soudi  First  Credc 
Nordi  First  Credc 
Rrst  CreA  Off-Post 
BasinA 
BasinF 


0.00 

0.00 

0.00 

0.31 

0.00 

0.00 

0.00 

0.46 

0.00 

0.02 

NR 

0.00 


2.8 

16 

1.6 

11 

0.00 

0.00 

1.2 

4.5 

0.00 
0.00 
0.00 
0.82 
0.00 
0.05 
NR 
0.00 


0 
0 
0 
1.7 
0 
0.10 
NR 
0.00 


0.16 

0.08 

0.00 

0.44 

0.00 

0.00 

0.00 

0.59 

0.00 

0.03 

NR 

0.00 


Havana  Interceptor 

0.00 

0.00 

T 

T 

T 

Pemla  Interceptor 

0.00 

0.00 

0.26 

1.6 

0.03 

Ladora  Wtir 

0.31 

0.22 

1.2 

3.6 

0.44 

Soidh  Uvalda 

0.00 

0.00 

0.00 

0.00 

0.00 

Nordi  Uvalda 

0.00 

0.00 

0.00 

0.00 

0.00 

Highline  Lateral 

0.00 

0.00 

0.00 

0.00 

0.00 

So^  Plants  Ditch 

0.00 

0.00 

0.00 

0.00 

0.00 

Sooth  First  Credc 

0.39 

0.35 

0.83 

1.1 

0.63 

Nordi  First  Credc 

0.00 

0.00 

0.00 

0.00 

0.00 

First  Ctedk  Off-Post 

0.00 

0.00 

0.09 

0.20 

0.03 

BasinA 

NR 

NR 

NR 

NR 

NR 

BasinF 

0.00 

0.00 

0.00 

0.00 

0.00 

T  -  (>  0.00  eft,  <  0.005  eft) 

Raported  vtiims  rounded  to  two  signifieaiit  figures. 
NR  «  no  record 
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'MM»4.1'4  &i—ry  of  Drily  MinfaMim  lad  Miariiimii  DhgliMy«,  IiMmUMWiMM  Ifinfawmii  amd  U— fcwwM 

IMictenii  Md  MBtt  Dafly  DilditttB  for  Badi  Mostt  of  Raooid,  14  RMA  Otgia^ 
teiif  Water  Yev  1990  (ocMdined) 


- 

Daily 

Mininium 

Instantaneous 

Minhnum 

Daily 

Maxinuni 

Instantaneous 

Maxinuun 

Daily 

Nfean 

Station 

Diaduurge 

(eft) 

Disdiarn 

(eft) 

Disdiarge 

(eft) 

Discharge 

(eft) 

Disdiarge 

(eft) 

January  1990 


Havana  Intecoeptw 

0.00 

T 

T 

T 

Pewia  btecceptor 

0.00 

1.6 

0.06 

LadoraWeir 

0.00 

South  Uvtida 

0.29 

0.26 

1.2 

5.3 

0.45 

NbtdilJvdda 

0.00 

Hiiddine  Lateral 

0.00 

0.00 

Sora  Plants  Ditch 

0.00 

Soudi  First  Creek 

0.59 

0.51 

1.1 

1.2 

0.83 

Nocdi  First  Greek 

0.00 

0.00 

0.42 

7.7 

0.03 

First  Creek  Off-FOst 

0.00 

0.00 

0.00 

0.00 

Batin  A 

NR 

NR 

NR 

NR 

NR 

Basin  F 

0.00 

February  1990 


Havana  Interoeptw 

0.00 

0.00 

0.76 

6.7 

0.09 

Peoria  Interceptor 

T 

0.00 

0.37 

1.9 

0.03 

LadoraWeir 

0.00 

0.00 

0.00 

0.00 

0.00 

SottdiUvalda 

0.30 

0.29 

0.94 

3.2 

0.40 

NordiUvalda 

0.00 

0.00 

0.00 

0.00 

0.00 

Hi^ine  Lateral 

0.00 

0.00 

0.00 

0.00 

0.00 

Soudi  Plants  Ditdi 

0.00 

0.00 

0.00 

0.00 

0.00 

Soitili  Rm  Creek 

0.74 

0.61 

1.2 

1.3 

0.91 

N<»th  First  Creek 

0.00 

0.00 

0.46 

1.0 

0.16 

First  Credr  Off-Pbst 

0.00 

0.00 

0.15 

0.16 

0.02 

Bute  A 

NR 

NR 

NR 

NR 

NR 

BasinF 

0.00 

0.00 

0.00 

0.00 

0.00 

March  1990 


Havana  Interceptrur 

0.00 

0.00 

28 

410 

3.1 

Petvia  iBieroefMOT 

T 

T 

4.6 

27 

0.86 

LadoraWeir 

0.00 

0.00 

0.00 

0.00 

0.00 

So«^  Uvtida 

0.33 

0.31 

12 

74 

1.7 

NwdiUvalda 

0.00 

0.00 

0.00 

0.00 

0.00 

Hii^ine  Lateral 

0.00 

0.00 

0.00 

0.00 

0.00 

Soudi  Plants  DHch 

0.00 

0.00 

0.00 

0.00 

0.00 

South  Firti  Credc 

0.82 

0.79 

11 

24 

2.0 

N<»di  Pint  Credr 

0.40 

0.28 

18 

27 

2.5 

Hrst  Credr  Off-Post 

0.17 

0.02 

6.3 

9.4 

1.8 

Basin  A 

NR 

NR 

NR 

NR 

NR 

BasinF 

0.00 

0.00 

0.26 

1.3 

0.02 

T  -  (>  0.00  eft,  <  0.005  eft) 

Reported  values  rounded  to  two  significant  figures. 
NR  No  record 
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TaUe  4.1-4  SuBunaiy  of  Daily  Minimum  and  Maximum  Disdiargea,  Instantaneous  Minimum  and  Maximum 
DiadittfM  and  Mean  Dafly  Discfaam  for  Eadi  Mondi  of  Recmd,  at  RMA  Gacing  Stations 
Water  Yw  1990  (nmtinued) 


Statkm 

Daily 

Mlwiimirri 

Diacharge 

(eft) 

Daily 

Maximum 

Discharge 

(eft) 

Daily 

Mean 

Disdunge 

(eft) 

Mininmm 

Discharge 

(eft) 

Maxiiinw 

Discharge 

(eft) 

April  1990 

Hsfwma  Inleroeptor 

0.00 

0.00 

4.8 

59 

0.56 

Poorift  TiitefOflptof 

T 

0.00 

1.9 

25 

0.16 

LadoraWeir 

0.00 

0.00 

0.00 

0.00 

0.00 

South  Uvaida 

0.28 

O.IS 

3.6 

40 

0.71 

NbcttiUvalda 

0.00 

0.00 

0.03 

0.04 

T 

HighUne  Lateral 

0.00 

0.00 

0.00 

0.00 

0.00 

South  Plants  Ditch 

0.00 

0.00 

0.00 

0.00 

0.00 

Soudi  IHrst  Creek 

0.80 

0.79 

1.7 

2.3 

1.2 

Notdi  Hrst  Greek 

0.84 

0.77 

1.8 

1.9 

1.2 

First  Cittk  Off-Post 

0.79 

0.74 

2.00 

2.1 

1.2 

Ba^  A 

NR 

NR 

NR 

NR 

NR 

Basin  F 

0.00 

0.00 

0.00 

0.00 

0.00 

May  1990 

Havana  Interceptor 

0.04 

48 

190 

3.6 

Peoria  hnerceptor 

T 

6.5 

29 

LadoraWeir 

0.00 

0.00 

0.00 

SoudiUvdda 

0.40 

0.26 

15 

83 

1.4 

North  Uvaida 

0.00 

0.00 

1.7 

14 

Highline  Lateral 

0.00 

0.00 

24 

29 

3.9 

So^  Plants  Ditch 

0.00 

Soudi  First  Creek 

0.48 

3.1 

6.0 

1.0 

Notdi  First  Creek 

0.20 

1.5 

2.1 

0.79 

First  Creek  Off-POst 

0.11 

0.07 

1.4 

1.5 

0.63 

Basin  A 

NR 

NR 

NR 

NR 

NR 

Basin  F 

0.00 

0.00 

0.00 

0.00 

June  1990 

Havana  Interceptor 

0.02 

0.00 

3.2 

45 

0.51 

Peona  interceptor 

0.04 

0.01 

1.2 

18 

0.14 

Ladcmi  Wtir 

0.00 

0.00 

19 

21 

3.8 

Soudi  Uvaida 

0.41 

0.26 

2.9 

33 

0.78 

North  Uvaida 

0.00 

0.00 

18 

26 

4.6 

Hi^ine  Lateral 

0.00 

0.00 

22 

30 

10 

So^  Plants  Ditdi 

0.00 

0.00 

0.00 

0.00 

0.00 

Soudi  First  Creek 

0.03 

0.01 

1.4 

1.9 

0.40 

North  First  Credt 

0.00 

0.00 

0.84 

1.1 

0.07 

First  Credc  Off-Post 

0.00 

0.00 

0.92 

1.2 

0.13 

Basin  A 

NR 

NR 

NR 

NR 

NR 

Basin  F 

0.00 

0.00 

0.00 

0.00 

0.00 

T  «  (>  0.00  eft,  <  O.OOS  eft) 

Repotted  values  rounded  to  two  signifieant  figures. 
NR  «■  No  record 
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nUt  4.1-4 


Sannnqr  of  Dily  IfiBiainB  and  Mntarai  DiiGbttSM,  iBiiMMaiieoiit 

DUdMnai  and  MeiiB  IMBy  Diaduvie  §m  Eadi  Moolh  of  Raoofd,  m  RMA  Gagiof  Stadont 

Waiar  Yitf  1990  (conrinued) 


Daily 

Inataataneous 

DaOy 

Instantaneous 

DaUy 

Mining 

Minimum 

Maxing 

Mradmom 

Mean 

Diacfaarge 

Dischari^ 

Disduuge 

Discharge 

Disduvge 

(eft) 

(eft) 

(eft) 

(eft) 

(eft) 

July  1990 


Havana  Interceptor 

0.11 

0.00 

24 

460 

2.7 

PowIa  intocooptof 

0.05 

0.00 

6.7 

72 

0.63 

LadoraWeir 

0.00 

0.06 

0.06 

0.02 

SomhUvalda 

0.34 

0.22 

14 

320 

1.4 

NocOiUvalda 

0.00 

0.00 

0.79 

6.0 

0.05 

Hl^ine  Lateral 

0.00 

0.00 

16 

18 

4.7 

Soudt  Plants  Ditdi 

0.00 

0.00 

South  First  Creek 

0.00 

0.00 

1.8 

8.8 

0.58 

Nordi  First  Credt 

0.00 

0.00 

First  Creek  Off-Pbst 

0.00 

0.00 

0.05 

0.40 

0.01 

Basin  A 

NR 

NR 

NR 

NR 

NR 

Basin  F 

0.00 

0.01 

0.24 

T 

August  1990 


Havana  Interceptor 

0.00 

0.00 

21 

450 

2.2 

raofu  ittttccptor 

0.02 

0.00 

4.7 

40 

0.49 

LadoraWeir 

0.00 

0.00 

10 

33 

0.51 

SoudiUvalda 

0.39 

0.24 

19 

360 

2.3 

North  Uvalda 

0.00 

0.00 

13 

20 

0.72 

Highline  Lateral 

0.00 

0.00 

19 

23 

4.4 

Sq^  Plants  Ditdi 

0.00 

0.00 

0.00 

0.00 

0.00 

Soudi  First  Credc 

0.03 

0.01 

68 

310 

3.3 

Ncvdi  First  Creek 

0.00 

0.00 

9.0 

23 

1.3 

First  Creek  Off-Post 

0.00 

0.00 

14 

18 

1.2 

Basin  A 

NR 

NR 

NR 

NR 

NR 

Basin  F 

0.00 

0.00 

0.04 

0.52 

T 

Sq)teinber  1990 


Havana  Interceptor 

0.47 

0.02 

18 

370 

1.6 

Peoria  Interceptor 

0.02 

0.00 

5.1 

44 

0.37 

LadoraWeir 

0.00 

0.00 

11 

11 

3.1 

SoudiUvalda 

0.42 

0.34 

7.8 

82 

0.95 

North  Uvalda 

0.00 

0.00 

18 

26 

1.3 

Hi^ine  Lateral 

0.00 

0.00 

17 

20 

9.8 

S(^  Plants  Ditdi 

0.00 

0.00 

0.00 

0.00 

0.00 

Soodi  FirM  Credt 

0.06 

0.03 

0.82 

2.5 

0.37 

North  First  Creek 

0.00 

0.00 

2.8 

3.1 

0.58 

First  Creek  Off-Post 

0.06 

0.05 

2.1 

2.2 

0.38 

Basin  A 

NR 

NR 

NR 

NR 

NR 

Basin  F 

0.00 

0.00 

0.00 

0.00 

0.00 

T  -  (>  0.00  cfe,  <  0.005  eft) 

Itnorted  values  rounded  to  two  significant  figures. 
NR  >■  No  record 
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Disdiarge  >0.00  cfs,  <0.005  c£s 
Precipitation  data  from  CMP  Air  Element 
=  No  record 


4.1.3 


PB(»tiA  Interceptor  Gaoino  Station 


Peoria  Interceptor  is  located  in  the  Irondale  Gulch  drainage  basin  and  receives  runoff  from  the  industrial 
area  south  of  RMA  (Figure  2.3-2).  The  station  measures  runoff  from  a  0.644  sq  mi  area  that  is 
predominantly  urban  storm  sewer  drainage,  plus  a  small  portion  of  residential  MontbeJlo.  Stream  stage 
is  monitored  with  a  Campbell  Scientific  CR-10  (digital)  data  iogger/bubbler  system,  a  Stevens  l^pe  F 
(analog)  recorder  as  a  backup  and  a  Style  C  staff  gage.  Hie  CR-10  data  logger^nibbler  system  was 
installed  at  the  station  in  early  Oecmnber  1989.  Prior  to  die  installation  of  the  CR-10  data  logger  the 
station  tqierated  an  Omnidsta  DPI  15  Datapod  in  conjunction  with  the  Stevens  Type  F  recorder. 

4.1.3.1  Stage  Piadwfgg  IWtfIflMliiw 

The  stage-discharge  relationship  is  deleted  by  the  rating  oirve  for  the  station.  Peoria  Intm-c^tor’s  rating 
curve  was  developed  using  measured  instantaneous  discharge  values  and  corresponding  staff  gage 
readings.  The  currmit  rating  curve  is  the  result  of  refinements  made  possible  by  additional  instantaneous 
discharge  measurmnents  collected  during  Water  Year  1990  that  served  to  more  accuratdy  define  the 
stage-discharge  relationship  at  this  station. 

4. 1 .3. 1 . 1  Continuous  Stage  Data 

The  water-discharge  record  for  Peoria  Intttcqitor  was  produced  by  convoting  the  digital  stage  data  of 
the  DPI  15  Datapod  (from  October  1,  1989,  to  December  5,  1989)  and  of  the  CK-10  data  logger 
(remainder  of  Water  Year  1990)  to  conqiuted  instantaneous  discharge  values  derived  from  the  currmit 
stage-discharge  rdationship.  The  computed  instantaneous  discharge  values  are  then  compiled  and  reduced 
to  mean  daily  discharges  (Appendix  A-8).  Relative  accuracy  ratings  of  tiie  daily  mean  disdiarges  wne 
determined  for  each  station  as  described  in  Section  4.I.2.I.I. 

The  continuous  stage  record  for  Water  Year  1990  is  considered  poor.  Periods  of  estimated  records 
include: 


•  December  21,  1989; 

•  February  15-18,  1990; 

•  July  30,  31,  1990; 
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August  1,  4-7.  16.  18.  20-23.  1990;  and 
SeiMieinber  19-22.  1990. 


Estimated  records  during  Deconber  1989  and  February  1990  were  due  to  freezing  conditions  that  caused 
die  recorders  to  collect  erroneous  dsta.  however,  flows  were  at  or  near  zero  based  on  staff  gage  readings. 
Remaining  estimates  were  due  to  hi^-water  levels  at  Havana  Pond  which  caused  a  backwater  condition 
at  Peoria  Interceptor  during  July.  August  and  September.  1990.  Estimates  approximated  baseflow 
conditions  with  diurnal  fluctuations  during  periods  when  backwater  mdsted  at  the  station.  The  stage 
record  contained  some  other  irr^ularities  and  inaccuracies  caused  by  tiie  following  conditions: 

•  Trash  and  v^;etation  dd)ris  accumuitued  in  the  control  section,  causing  stage  to  increase 
slightly; 

•  Minor  leakage  occurred  undw  the  metal  V-notdi  plate  on  the  weir;  and 

•  The  intake  pipes  leading  to  the  stilling  wdl  accumulated  excess  silt,  causing  a  minor  lag 
time  in  response  to  stage  dianges.  This  probimn  affected  only  tiie  strip  chart/Datapod 
record. 

4.1.3. 1.2  Rating  Curves  and  Equations 

The  methodology  for  rating  curve  development  and  rating  curve  verification  followed  tiie  procedures 
described  in  Section  4. 1.2. 1.2. 

Peoria  Interc^tor’s  original  structure  consisted  of  a  flat-crested  weir  constructed  of  a  narrow  plank 
positioned  perpendicular  to  flow  and  embedded  into  tiie  banks  on  both  sides  of  the  channel.  During 
WatN  Year  1989.  a  V-notch  was  cut  in  the  existing  wood  ^ank.  and  a  90*  V-notch  steel  plate  was 
attached  to  the  wooden  control  structure.  Ihe  stage-discharge  rdationship  for  tiie  modified  control 
structure  on  Peoria  Interceptor  was  originally  devdoped  using  the  empirical  laboratory  rating  for  a  90* 
V-notdi  weir.  For  flows  witii  water  depths  greater  than  the  maximum  flow  through  the  V-notch.  tiie 
previously  defined  rating  curve  was  adjusted  by  adding  the  maximum  flow  throu^  the  V-notch  to  each 
of  the  previously  defined  disdiarge  and  corresponding  gage  height  values. 

During  Water  Year  1990.  tiie  gage  datum  was  converted  from  zero  on  tiie  staff  gage  to  zeam  head  above 
tiie  V^otdi  weir  for  a  more  stable  datum.  Instantaneous  discharge  measuremmits  made  during  the  year 
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were  used  to  redefine  the  lower  md  of  die  Peoria  Interceptor  rating  curve  using  a  best  fit  analysis 
(Appetulix  A-S).  The  rating  curve  is  consid^ed  poor  in  bodi  the  defined  and  extrapolated  r^ions.  Hi^ 
water  levds  in  Havana  Pond  p^iodically  created  a  b»;kwater  condition  in  the  Peoria  Intercqitor  channd, 
and  submergence  of  the  Peoria  Intuceptor  structure.  No  rating  has  been  derived  for  this  highly  variable 
flow  condition,  and  flow  values  were  estimated.  The  rating  curve  for  Peoria  Interceptor  is  presented  in 
Appendix  A-3.2. 

4. 1.3.2  Surface-Water  Hydrologic  Conditions 

Peoria  Interceptor  receives  runoff  from  a  reladvdy  small  urban  drainage  area  and  flow  at  die  station  is 
intermittent.  Sources  of  surface-water  at  Peoria  Interceptor  and  oth^  RMA  continuous  monitoring 
stations  are  presmted  in  Table  4.1-3.  Discharge  records  for  this  station  during  Wat^  Year  1990  are 
presented  in  App«idix  A-8.  Streamflow  conditions  for  Peoria  Inttfc^tor  including  mean  daily  discharge, 
mean  monthly  discharge,  maximum  daily  discharge,  minimum  daily  discharge  and  total  monthly 
streamflow  vohune  are  presented  in  die  following  sections. 

4. 1 .3.2. 1  Streamflow  Characteristics  and  Extremes 

Flow  characteristics  at  Peoria  Intercqitor  are  typical  of  stations  not  influenced  by  diversions  and  inflows 
from  controlled  releases.  Flow  is  derived  almost  entirely  from  off-post  sources.  Precipitation  occurring 
on  RMA  has  litde  effect  on  flow  in  Peoria  Interc^tor  due  to  a  short  channel  length  and  the  lack  of  any 
well-defined  tributary  drainage  channels.  A  significant  amount  of  precipitation  that  frdls  in  die  off-post 
urban  drainage  area,  however,  results  as  runoff  to  the  station  due  to  minimal  infiltration  rates. 

Diurnal  fluctuations  were  recorded  at  Peoria  Intercqitor  during  Water  Year  1990.  Daily  peaks  in 
streamflow  during  baseflow  conditions  gmerally  occur  in  the  evening  to  early  morning,  indicating  that 
reduced  eviqiotranspiration  rates  and  evening  or  nighdy  lawn  watering  may  contribute  to  streamflow 
during  this  time  period.  Similar  diurnal  flow  conditions  are  present  at  Havana  Interc^tor  and  Soudi 
Uvalda  Interceptor;  however,  direct  comparisons  are  difficult  to  make  due  to  differences  in  the  storm 
sewers  and  open  channel  drainages  contained  within  the  respective  drainage  areas. 

Maximum  flows  usually  occur  from  the  late  winter  through  summer  as  a  result  of  snowmelt  runoff, 
thunderstorms  and  multi-day  rainfall  events.  Minimum  flows  occur  primarily  during  the  fall  and  winter 
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when  oonditioiis  are  diy  or  whoi  water  in  the  channel  is  frozen.  The  maximum  monthly  runoff  vtdume 
during  Water  Year  1990  was  S2.88  ac-ft  (1.56  in.  ovtf  die  0.644  sq  mi  drainage  area)  and  occurred  in 
Mardi  1990.  The  minimum  mondiiy  runoff  volume  was  1.S7  ac-ft  (<0.0S  in.  over  the  0.644  sq  mi 
drainage  area)  aad  occurred  in  February  1990.  The  maximum  monthly  discharge  volume  at  Peoria 
Intercqitor  was  approximatdy  34  times  greater  dian  the  minimum  mondily  discharge  volume. 

4. 1.3 .2.2  Armual  Streamfiow  Analysis 

Streamflow  at  Peoria  Intercqitor  varied  considerably  throu^out  Watm  Year  1990  as  illustrated  in  die 
monthly  total  discharge  hydrognqih  (Figure  4. 1-4).  Minimal  flows  occurred  from  October  1989  through 
FAruary  1990.  Streamflow  was  higher  the  ranainder  of  die  year;  however,  April  1990  and  June  1990 
had  rdatively  low  discharge  volumes.  The  mean  daily  peak  flow  was  recorded  in  March  1990  and  the 
instantaneous  discharge  peak  occurred  in  July  1990. 

Peoria  Interc^tor  received  low  flow  volumes  during  die  fall  to  mid-wintm.  The  total  discharge  volume 
measured  from  October  1989  through  Fdiruary  1990  was  only  15.83  ac-ft  (Appoidix  A-8).  Total 
discharge  fluctuated  cyclicly  from  mid-winter  to  mid-summer  with  each  month  alternating  from  a 
rdatively  high  water  volume  to  moderatdy  low  flow  volumes.  Precipitation  records  reflect  a  similar 
pattern  for  total  monthly  precipitation  (Figure  4.1-2).  The  highest  monthly  discharge  volume  for  this 
station  was  52.88  ac-ft  in  March  1990  whidi  is  indicative  of  a  late  wint^  response  to  diawing,  inoreased 
precipitation  and  snowmelt  runoff.  Flow  volume  was  reduced  to  9.66  ac-ft  during  April  1990  in  response 
to  infrequent  and  low  magnitude  precipitation  evmits.  Although  rainfall  was  still  infrequmit  during  May 
1990,  a  large  magnitude  storm  contributed  a  significant  volume  of  water  to  the  station  and  the  mondily 
total  increased  to  24.36  acre-feet.  Late  spring  was  rdatively  dry  at  RMA  and  the  total  disdiarge  fell  to 
only  8.25  ac-ft  during  June  1990.  Several  long  duration  rainfall  events  during  July  1990  contributed  to 
the  last  flow  volume  peak  at  Peoria  Intercqitor  during  Water  Year  1990,  and  a  total  of  38.62  ac-ft  was 
measured  at  the  station.  Wat»  volumes  decreased  die  remainder  of  Wat^  Year  1990  as  soil  moisture 
was  deleted  due  to  increased  evt^transpiration  and  reduced  amounts  of  precipitation.  The  total 
discharge  volumes  measured  during  August  1990  and  S^tember  1990  were  30.35  ac-ft  and  22.27  ac-ft 
respectively.  A  total  of  202.22  ac-ft  (6.59  x  10^  gallons)  was  measured  at  the  station  during  Water  Year 
1990.  This  is  equivalent  to  5.39  in.  of  runoff  from  the  watershed  (48.8  percent  of  the  precipitation 
measured  at  the  South  Plants  rain  gage). 
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4. 1. 3.2.3  Mean  Montfily,  Maximum  Daily  and  Minimum  Daily  Flows 


Mean  mondily  flows  Peoria  Interceptor  ranged  from  0.03  cis  in  December  1989  and  Fd)ruary  1990 
to  a  maximum  of  0.76  cfs  in  Matdi  1990.  Mean  monthly  flows  were  hipest  in  late  winter  and  early 
summer.  Maximum  daily  flows  ranged  from  S  to  ^  tinms  greater  flian  die  mean  monthly  flows,  which 
indicates  diat  the  maximum  high  flow  events  are  usually  short  duration  and  do  not  always  contrdMite 
significandy  to  die  mean  mondily  discharge.  Minimum  daily  flows  were  low  as  0.00  c£s  during  October 
1989  dirou^  January  1990.  Maximum  daily  flows  ranged  from  0.26  cfs  during  December  1989  to  6.7 
cfs  during  July  1990.  A  mondily  summary  of  daily  minimum,  maximum  and  mean  disdiarges  for  all 
RMA  surfsce-water  monitoring  stations  during  Water  Year  1990  is  presented  in  Table  4.1-4.  Annual 
plots  for  these  values  are  illustrated  in  Figure  4. 1-lS  and  Figure  4. 1-26. 

4. 1 .3 .2.4  Streamflow  Storm  Runoff  Hydrographs 

Streamflow  storm  hydrographs  obs^ed  at  RMA  during  Watm  Year  1990  r^resent  flow  conditions  in 
response  to  precipitation  evmits  ^ical  for  diis  area  of  Colorado.  Six  hi^  or  attended  storm  evmts 
CMarch  5,  6,  1990;  May  29,  30,  1990;  July  7-11  and  29,  1990;  August  14-20,  1990;  September  17-21, 
1990)  were  analyzed  as  described  in  Section  4.I.2.2.4. 

Peoria  Intercq)tor  responded  to  storm  evmits  in  a  mannor  that  is  typical  of  watersheds  affected  by 
urbanization.  Stream  response  occurred  shordy  after  the  onset  of  precipitation,  and  peak  flow  was  usually 
reached  in  less  dian  3  hours.  Streamflow  recession  gei^ally  lasted  6  to  26  hours.  Streamflow  recession 
varied  dq>aiding  on  die  magnitude  and  duration  of  the  storm  evmit,  and  the  antecedeit  soil  moisture 
conditions.  Othe-  RMA  surface-water  monitoring  stations  that  exhibit  a  storm  response  similar  to  Peoria 
Interceptor  include  Havana  Interc^tor,  Peoria  Int^c^tor  and  Basin  A. 

4. 1 .4  Ladora  Weir  Gaoinq  Station 

Ladora  Weir  is  located  in  the  Irondale  Ouldi  drainage  basin  and  monitors  controlled  flow  that  is 
discharged  from  Lowor  Dmby  Lake  and  directed  to  Ladora  Lake  or  Sand  Creek  Lateral  (Figure  2.3-2). 
Stream  stage  is  monitored  with  an  Omnidata  DPI  IS  Dauqxid  (digital)  recorder  in  conjunction  with  a 
Stevens  Type  F  (analog)  recorder  and  a  Style  C  staff  gage. 
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The  stage<lisdiarge  relationsh^  for  Ladora  W«r  is  depicted  by  die  station’s  established  ratiiig  curve, 
whidi  was  previously  devdoped  using  the  eo^irical  laboratory  rating  for  die  structure  (Appendix  A-3.2). 


4.1.4.1.1  Condnuous  Stage  Data 

The  discharge  record  for  Ladora  Wdr  during  Water  Year  1990  was  produced  by  converting  the  digital 
stage  data  of  the  DPllS  Datr^iod  to  confuted  instantaneous  disdiarge  values  derived  from  die  newly 
refined  stage-disdiarge  relationship.  Tlie  computed  instantaneous  disdiarge  values  are  dien  conqiiled  and 
reduced  to  mean  daily  discharges.  Stripdiarts  were  digitized  by  hand  periodically  during  the  year  when 
Dadpod  records  were  inaccurate  or  missing  portions  of  data.  Rdadve  accuracy  ratinp  of  the  daily  mean 
discharges  were  determined  for  each  station  based  on  USGS  standards  as  described  in  Section  4. 1.2.1. 1. 

The  continuous  stage  record  for  Ladora  Weir  is  considered  poor  for  Water  Year  1990.  Pmriods  of 
estimated  records  include: 

•  August  30,  31,  1990;  and 

•  Sqitonbm'  1-10,  1990. 

Estimated  records  during  August  and  S^tember  1990  were  due  to  reconstruction  of  die  weir  in  July 
1990.  Any  other  irr^ularities  and  inaccuracies  of  die  record  caused  primarily  by  die  occurrence 
of  minor  leakage  under  and  around  die  weir  blade  whidi  caused  a  slighdy  lowo’  stage  dian  actual  at  very 
low  flow. 

4.1.4.1.2  Rating  Curves  and  Equations 

The  methodology  for  rating  curve  development  and  rating  curve  verification  is  described  in  Section 
4. 1.2. 1.2.  The  stage-disdiarge  rdationship  for  Ladora  Weir  was  previously  developed  using  the 
enqiirical  laboratory  rating  for  a  6-ft  standard  suppressed  rectangular  weir.  Instantaneous  discharge 
measuremoits  used  to  confirm  die  permanmice  of  the  rating  or  to  allow  any  adjustnmnts  to  be  made  to 
the  rating  were  not  collected  prior  to  1990.  Four  verified  instantaneous  discharge  and  staff 
measuremeots,  mide  during  Water  Year  1990,  w^e  used  to  more  accurately  define  the  rating  curve. 
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These  measuranents  indicated  diat  die  original  rating  curve  required  a  slight  adjustment  to  die  hi^  end. 
The  adjusted  rating  curve  is  considered  Cur  wh«i  die  head  is  at  least  0.20  ft  above  die  weir  oest  to 
prevent  die  nape  from  clinging  to  die  oest  (USBR,  1974).  Flow  with  heads  less  than  0.20  ft  can  only 
be  estimated.  Reconstruction  of  Ladora  Wdr  in  July  1990  changed  flow  characterisdcs  at  the  station, 
dierefore,  a  new  rating  curve  must  be  developed.  The  current  rating  curve  for  Ladora  Weir  is  presoited 
in  Appoidix  A-3.2. 

4.1.4.2  Surface>Water  Hydrologic  Conditions 

Ladora  Weir  receives  controlled  releases  from  Lower  Derby  Lake  CTable  4.1-3),  dierefore,  flow  at  the 
station  is  intermittmit.  Streamflow  records  for  Ladora  Weir  including  mean  mondily  discharge,  maximum 
daily  discharge,  minimum  daily  disdiarge  and  total  mondily  streamflow  volume  are  presented  in  the 
following  sections. 

4. 1 .4.2. 1  Streamflow  Characteristics  and  Extremes 

Flow  characteristics  at  Ladora  Weir  are  typical  of  stations  with  diversions  and  inflows  from  controlled 
releases.  Flow  is  derived  eitirdy  from  Lower  Derby  Lake.  Precipitation  occurring  on  RMA  has  no 
dfoct  on  flow  in  Ladora  Weir  due  to  die  lack  of  any  tributary  drainages.  Ladora  Weir  was  dry 
throu^out  most  of  Water  Year  1990;  however,  flow  was  recorded  during  June  1990  through  Sq;>tenbM 
1990.  A  maximum  volume  of  224.67  ac-ft  flowed  dirough  the  station  during  June  1990. 

4.1. 4.2.2  Annual  Streamflow  Analysis 

Streamflow  at  Ladora  Weir  was  intermittmit  in  Watn  Year  1990  and  is  illustrated  in  Figure  4.1-5. 
Specific  analysis  of  streamflow  trends,  maximum  or  minimum  flows,  or  runoff  d^ths  is  not  meaningful 
at  this  station  since  all  flow  is  controlled.  A  total  of  440.00  ac-ft  (1.43  x  10^  gallons)  was  measured  at 
the  station  during  the  year. 
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4.1.4.2.3  Mean  Kfontfaly,  Maximum  Daily  and  Minimum  Daily  Flows 


Mean  monAly  flows  at  Ladora  Weir  ranged  from  0.00  c6  during  October  1989  dmm^  May  1990  to 
a  maximum  of  3.8  eft  in  June  1990.  The  maximum  daily  flow  was  19.0  eft  in  June  1990  and  die 
minimum  daily  flow  was  0.00  eft  for  the  majority  of  Water  Year  1990.  A  mondily  summary  of  daily 
minimum,  maximum  and  mean  discharges  for  ail  RMA  surface-water  monitoring  stations  during  Water 
Year  1990  is  presmted  in  Table  4. 1-4.  Annual  plots  for  these  values  are  illustrated  in  Figure  4. 1-16  and 
Figure  4.1-27. 


4. 1 .4.2.4  Streamflow  Storm  Runoff  Hydtographs 

Analysis  of  response  to  precipitation  events  is  not  meaningful  at  Ladora  Weir  since  all  flow  at  die  station 
is  controlled  (Table  4.1-S). 

4. 1 .5  South  Uvalda  Gaging  Statk»i 

Soudi  Uvalda  is  located  near  the  southern  boundary  of  RMA  at  S6di  Street  in  the  Irondale  Gulch  drainage 
basin  and  receives  runoff  from  the  northern  portion  of  Montbdlo  and  from  die  undevdoped  area  east  of 
Montbdlo  U’igure  2.3-2).  The  station  measures  runoff  from  a  7.723  sq  mi  area  of  which  4. 1 18  sq  mi 
is  urban  storm  sewn  drainage.  The  Uvalda  Intncqrtor  flows  in  a  northerly  direction  to  Sixdi  Avenue, 
whne  it  is  diverted  to  eidin  Upper  Derby  Lake  or  Lower  Derby  Lake.  Stream  stage  is  monitored  with 
a  Style  C  staff  gage,  a  Canqibell  Sciendfic  CR-10  (digital)  data  logger/bubbler  system  and  a  Stevras  T^pe 
F  (analog)  recorder  as  a  backup. 

4.1.5.!  Stage  Pisthargt  RdtttiQMhipg 

The  stageslischarge  rdadonship  is  dqiicted  by  die  rating  curve  for  die  station.  South  Uvalda’s  rating 
curve  was  devdoped  nnpiricdly  using  instantaneous  discharge  measurmnents  and  corresponding  staff 
gage  readings.  The  current  rating  curve  is  the  result  of  refinmnmits  made  possible  by  additional 
instantaneous  discharge  measurements  collected  during  Water  Year  1990  that  served  to  more  accuratdy 
define  the  stage-discharge  rdationship  at  diis  station. 
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4.1.S.1.1  Continuous  Stage  Data 


The  discharge  record  for  South  Uvalda  was  produced  by  converting  the  digital  stage  data  of  die  CR-10 
data  logger  to  conqiuted  instantaneous  discharge  values  whidi  are  then  conqiiled  and  reduced  to  mean 
daily  discharges  (Appendix  A'S).  Relative  accuracy  ratings  of  die  daily  mean  discharges  were  d^ermined 
for  each  station  based  on  USGS  standards  as  (tescribed  in  Section  4.I.2.I.I. 

The  continuous  stage  record  for  Water  Year  1990  is  considered  good.  Periods  of  estimated  records 
include: 

•  Deconber  19-22,  1989; 

•  February  14-16.  1990; 

•  April  3-5,  1990;  and 

•  June  20-22,  1990. 

Estimated  records  during  December  1989  and  Fdiruary  1990  were  due  to  fieezing  conditions  diat  caused 
die  CR-10  data  logger  to  collect  erroneous  data.  Data  badoip  was  not  available  for  diese  periods  because 
the  Stevens  T^pe  F  recorder  was  taken  out  of  sovice  from  December  20,  1989,  to  February  27,  1990, 
while  the  stilling  well  watff  was  frozen.  The  estimates  were  made  based  on  obsovations  of  the  staff  gage 
during  weddy  visits.  Remaining  estimates  were  due  to  unrecoverable  sections  of  stage  data  during  April 
1990  and  June  1990.  The  stage  record  contained  some  other  irregularities  and  inaccuracies  caused  by 
die  following  conditions: 

•  Excess  ddiris,  such  as  v^etation  and  trash,  accumulated  in  the  chaimd,  in  the  control 
and  around  the  staff  gage;  and 

•  The  intake  pipes  leading  to  the  stilling  wdl  accumulated  excess  silt,  causing  a  lag  time 
between  diannel  and  strip  chart  response;  however,  diis  has  no  affect  on  die  digital  stage 
record. 


SWAR-90.4 

IUV.02/27A92 


-  104- 


4.1.S.1.2  luting  CttnrM  and  EqiMtiofis 


The  methodology  for  rating  curve  development  ud  rating  curve  verification  is  deacribed  in  Sectkm 
4.i.2.1.2.  The  rating  curve  for  the  Soudi  Uvalda  structure  was  prevknisly  derived  and  was  based  on 
fidd  measurements  of  instantaneous  disduvge  and  correqKmding  staff  measurements.  The  South  Uvalda 
^ructnre  is  a  confound  broad-created  weir  with  a  V-notdi.  Ten  verified  instantaneous  discharge  and 
staff  measurements,  made  during  Water  Year  1990,  were  used  to  more  accuratdy  define  die  rating  curve 
and  justify  a  ali^t  adjustment  near  the  hi^  end  of  the  rating  curve  (Appendix  A-S).  The  adjusted  curve 
is  considered  good,  bodi  in  die  defined  and  extrapolated  r^kms.  The  rating  curve  for  Soudi  Uvrida  is 
presented  in  Aiqiendix  A-3.2. 

4.1.S.2  Surface-Water  Hydrologic  Conditions 

alda  Interceptor  is  a  man-made  channel  widiin  die  Irondale  Ouldi  drainage  basin.  The  Awinri  is  deep 
ju^  to  intercept  near-surface  ground  water  which  causes  flow  to  be  perennial.  Streamflow  at  die 
Soudi  Uvalda  gaging  station  can  increase  from  baseflow  conditions  to  flood  stage  over  a  rdatively  short 
period  of  time  due  to  a  r^iid  response  to  prec^itation  that  is  recrived  in  urbanized  areas  of  its  drairuige 
basin.  Sources  of  surface-water  at  Soudi  Uvalda  and  other  RMA  continuoos  monitoring  stations  are 
presented  in  Table  4.1-3.  Streamflow  conditioiis  for  Smidi  Uvalda  including  mean  daily  disdiarge,  mean 
mondily  discharge,  maximum  daily  discharge,  mmimum  daily  disdiarge  and  total  monthly  streamflow 
volume  are  presented  in  the  following  sections. 

4.1.S.2.1  Streamflow  Characteristics  and  Extremes 

Flow  diaracmistics  at  South  Uvalda  are  ^ical  of  stations  widiout  diversions  and  inflows  from  controlled 
rdeases.  Flow  is  derived  almost  endrdy  from  off-post  sources.  Most  precipitation  occurring  on  RMA 
does  not  contribute  to  surface-water  runoff  to  Uvalda  Intercqitor  because  die  channel  is  homed  along 
the  majorify  of  its  leogdt. 

Diurnal  fluctuations  were  recorded  on  strip  charts  at  Soudi  Uvalda  during  Water  Year  1990.  Daily  peaks 
in  streamflow  during  baseflow  conditions  generally  occur  in  the  evening  to  early  morning,  indicating  diat 
reduced  eviqiotranspiration  rates  and  evening  or  ni^tly  lawn  watning  may  contribute  to  streamflow 
during  this  time  period.  Similar  diurnal  flow  conditions  are  present  at  Peoria  Interceptor  and  Havana 
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lolwocpior;  however,  diiectcomiMriaoiis  are  difficttitto  make  due  to  dHfennoes  in  the  itorm  sewers  and 
open  channel  drainafea  contained  widiin  the  reqiective  drainage  areas. 

Maximum  flows  uamdly  occur  from  the  late  winter  tfaroui^  summer  as  a  result  of  snowmelt  runoff, 
thunderstorms  and  muhi-diy  rainfrll  events.  The  maximum  momhly  runoff  volume  during  Water  Yem 
1990  w«  140.79  aofr  (0.34  in.  over  the  7.723  sq  mi  drainage  area)  and  occurred  in  August  1990. 
Minimum  fk»ws  occur  prhnvily  during  the  frll  and  winter  when  dry  weather  causes  streamflow  to  remain 
at  baaeflowomditkms  or  edienioe  conditions  exist  in  the  channel.  The  minimum  nawitfaly  runoff  volume 
was  22.10  ac-ft  (O.OS  in.  over  the  7.723  sq  mi  drainage  area)  and  occurred  in  Fdnuary  1989.  The 
maximum  mmidily  disduuie  volume  at  Soudi  Uvalda  was  approximately  six  times  greater  than  the 
miniinnm  monthly  discharge  votume. 

4.1.S.2.2  Annual  Streamflow  Aiudysis 

Streamflow  at  South  Uvalda  varied  tfiroughout  Water  Year  1990  and  is  illustrated  in  the  monthly  total 
disduuge  hydrognqdi  (Figure  4.1<^.  Minimal  flows  occurred  from  October  1989  dirou^  Fd)ruary 
1990.  Streamflow  was  higher  the  remainder  of  die  year,  but  April  1990  and  June  1990  had  rdadvdy 
low  discharge  vohimes.  Ihe  mean  daily  peak  flow  was  recorded  in  August  1990  and  die  instantaneous 
disdiarge  peak  was  also  recorded  in  die  same  mondi. 

Soudi  Uvalda  reedved  low  flow  volumes  during  the  fidi  to  mid-winter  and  the  total  disdiarge  volumes 
measured  from  October  1989diroughFd)ruary  1990  ranged  between  22. 10  ac-ft  to  27.69  ac-ft  (Appendix 
A-8).  Total  discharge  fluctuated  ^didy  from  mid-winter  to  mid-summer  widieadi  month  varying  from 
a  relatively  hi^  water  volume  to  moderatdy  low  flow  volumes.  Total  disdiarge  increased  substantially 
during  Mardi  1990  to  104.55  ac-ft.  The  inoeased  flow  volume  is  indicative  of  a  late  winter  response 
to  thawing,  increased  precipitation  and  snowmdt  runoff.  Flow  volume  was  reduced  to  42.49  ac-ft 
during  April  1990  doe  to  infrequent  and  low  magnitude  precipitation  events.  Althou^  rainfall  was  still 
infrequent  during  May  1990,  a  large  magnitude  storm  contributed  a  significant  volume  of  water  to  die 
station  and  die  monthly  total  increased  to  85.82  acre-feet.  Late  spring  was  rdativdy  dry  at  RMA  and 
dm  total  water-discharge  drcqiped  to  46.27  ac-ft  during  June  1990.  Several  long  duration  rainfall  events 
during  July  1990  contributed  to  inoreased  flow,  and  88.24  ac-ft  was  measured  at  the  station.  Maximum 
disdiarge  occurred  during  mid-sommer  and  a  total  of  140.79  ac-ft  was  measured  in  August  1990.  Water 
volumes  decreased  the  remainder  of  Water  Year  1990  as  soil  moisture  was  depleted  doe  to  increased 
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evipottiMpirKion  and  reduced  amounti  of  prec4>iti<»n.  Tlie  total  discharge  volunae  measured  duriog 
September  1990  was  56.35  acre-feet.  Ihe  cyclical  pattern  of  flow  volumes  in  Water  Year  1990  was 
simUar  to  the  inec4>itation  record  except  during  August  1990,  when  flow  had  increased  to  die  yeariy  hi^ 
of  140.79  ac-ft  and  prec^itatkm  had  decreased  considerably  from  die  previous  month  figure  4. 1-6  and 
Figure  4.1-2).  A  total  of  688.72  ac-ft  (2.24  x  10^  gallons)  was  measured  at  South  Uvalda  during  die 
year.  This  is  equivalent  to  1.67  in.  of  runoff  from  the  watershed  (15.1  percent  of  the  precipitation 
measured  at  the  Soudi  Plants  rain  gage). 

4.1.5.2.3  Mean  Mondily,  Maximum  Daily  and  Minimum  Daily  Flows 

Mean  mondily  flows  at  South  Uvalda  ranged  from  0.38  cfs  in  November  1989  to  a  maximum  of  2.3  cfs 
in  August  1990.  Mean  monthly  flows  were  hi^iest  in  late  winter  and  mid-summer.  Maximum  daily 
flows  ranged  from  19.0  cfr  in  August  1990  to  1.2  cfr  from  November  1989  dirough  January  1990.  The 
maximum  daily  flows  were  generally  six  times  greater  dian  die  corresponding  mean  mondily  flows. 
Minimum  daily  flows  ranged  from  0.26  cfr  to  0.42  cfr  during  Water  Year  1990.  A  monthly  summary 
of  daily  minimum,  maximum  and  mean  discharges  for  all  RMA  surfece-water  monitoring  stations  during 
Water  Year  1990  is  presented  in  Table  4.1-4.  Annual  plots  for  these  values  ate  illustrated  in  Figure 
4.1-17  and  Figure  4.1-28. 

4. 1 .5.2.4  Streamflow  Storm  Runoff  Hydrographs 

Streamflow  storm  hydrogr^hs  obs^ed  at  RMA  during  Water  Year  1990  represent  flow  conditions  in 
response  to  precipitation  events  ^ical  for  diis  area  of  Colorado.  Six  high  or  attended  storm  evoits 
(March  5, 6,  1990;  M^  29,  30,  1990;  July  7-11  and  29,  1990;  August  14-20,  1990;  September  17-21, 
1990)  woe  analyzed  as  described  in  Section  4.I.2.2.4. 

Soudi  Uvalda  responded  to  storm  events  in  a  manner  that  is  typical  of  watmheds  affected  by 
urbanization.  Stream  response  occurred  shortly  after  the  onset  of  precipitation  and  peak  flow  was  oftoi 
reached  in  less  than  1  hour  but  usually  took  iqiproximately  2  hours.  Streamflow  recession  ranged  from 
2  hours  to  24  hours  but  normally  lasted  19  hours.  Antecedent  soil  moisture  and  storm  magnituoe  have 
an  influoice  on  die  streamflow  recession  rate  at  the  station.  Other  RMA  surface-water  monitoring 
stations  that  exhibit  a  storm  response  similar  to  Soudi  Uvalda  include  Peoria  Int^ceptor,  Havana 
Int^c^tor  and  Basin  A. 
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4.1.6 


North  Uvalda  Gachno  Station 


The  North  Uvalda  station  is  located  in  die  Irondale  Ouldi  drainage  basin  and  monitors  flow  to  Lower 
Derby  Lake  (Figure  2.3-2).  The  station  receives  controlled  discharges  of  water  from  Uvalda  Interceptor 
and/or  Higliline  Lateral  Canal.  Stream  stage  is  monitored  widi  an  Omnidata  DPI  IS  Datl^)od  (digital) 
recorder  in  conjunction  widi  a  Stevens  Type  F  (analog)  recorder  and  a  Style  C  staff  gage. 

4.1.6.1  Sttgg  PiadiOTg  RdttioMhipa 

The  stage-discharge  relationship  for  North  Uvalda  is  established  by  die  station’s  newly  dmved  rating 
curve.  The  rating  curve  for  die  station  was  redeveloped  ax^irkally  during  Water  Year  1990  by  obtaining 
instantaneous  discharge  measurements  and  corresponding  staff  measurements. 

4.1.6.1.1  Continuous  Stage  Data 

The  discharge  record  for  Nordi  Uvalda  during  Wafor  Year  1990  was  produced  by  converting  the  digital 
stage  data  of  the  DPI  IS  Datr^xid  to  confuted  instantaneous  discharge  values  dorived  from  the  current 
stage-discharge  relationship.  The  confuted  instantaneous  discharge  values  are  than  compiled  and  reduced 
to  mean  daily  discharges.  Stripcharts  were  digitirod  for  part  of  the  year  whoi  Dat^iod  records  woe 
inaccurate  or  missing  portions  of  data.  Rdative  accuracy  ratinp  of  tiie  daily  mean  discharges  wne 
determined  for  each  station  based  on  USGS  standards  as  described  in  Section  4.I.2.I.I. 

The  continuous  stage  record  for  North  Uvalda  is  considered  good  for  Water  Year  1990.  P^iods  of 
estimated  records  include: 

•  AprU  17,  1990;  and 

•  May  18,  1990. 

The  estimated  1-day  of  record  in  April  1990  was  due  to  tiie  station’s  stilling  well  not  responding  to  die 
minimal  flow  that  occurred  that  day.  The  estimate  made  in  May  1990  was  caused  by  the  malfunction  of 
the  Stevras  Type  F  recorder.  Any  other  irregularities  and  inaccuracies  of  the  record  may  be  caused  by 
the  following  conditions: 
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•  ]&(eeM  d«i»k,  such  as  trash  and  vagatadon,  accumulated  in  die  channel,  in  the  control 
and  around  die  staff  gage  at  timea;  and 

*  The  intake  p^ies  leading  to  the  stiliing  well  accnnwilated  silt,  which  causes  a  delay  in  the 
reomler’s  response  to  changes  in  stream  stages. 

4.1.6.1.2  Rating  Curves  and  Equations 

The  methodology  for  rating  curve  devch^nneot  and  ratiqg  curve  verification  is  described  in  Section 
4.I.2.I.2.  The  radii^  curve  for  the  Nordi  Uvalda  structure  was  previously  derived  and  was  based  on 
field  measurements  of  instantaneous  discharge  and  corresponding  staff  measurements.  The  North  Uvalda 
structure  is  a  compound  broad-crested  weir  with  a  V-notch.  During  Water  Year  1990  die  staff  gage 
datum  was  changed  and  diannd  aggradation  occurred;  dierefore,  it  was  necessary  to  develc^  a  new  rating 
curve.  Five  verified  instantaneous  disdiarge  and  staff  measurements  made  during  Water  Year  1990  were 
used  to  develop  die  new  rating  curve  (A^ieodix  A-S).  The  new  rating  curve  is  considered  fiur,  both  in 
die  defined  and  extrapolated  r^ons.  The  rating  curve  for  North  Uvalda  is  presoited  in  Appendix  A-3.2. 

4.1.6.2  Syrfi>cg:ffi«ef  Hydrotegg  Condakan 

Flow  at  Nordi  Uvalda  is  intermittent  since  it  receives  controlled  discharges  from  Uvalda  hitercqrtor 
and/or  Highline  Lateral  Canal  (Table  4.1-3).  The  channd  directs  flow  to  the  eastern  side  of  Lower 
Derby  Lake.  Stieamflow  conditions  for  Nordi  Uvalda  induding  mean  monthly  discharge,  maximum  daily 
disdiarge,  minimum  daily  disdiarge  and  total  monthly  streamflow  volume  are  presoited  in  die  following 
sections. 

4.1.6.2.1  Streamflow  Characteristics  and  Extremes 

Flow  characteristics  at  North  Uvalda  ate  typical  of  stations  widi  diversions  and  inflows  from  controlled 
rdeases.  Essoitially  all  flow  at  die  monitoring  station  is  derived  from  controlled  rdeases.  Predpitation 
occurring  on  RMA  has  little  or  no  affect  on  flow  at  North  Uvalda  because  berms  that  line  die  channel 
prevent  surface-water  runoff  from  flowing  into  die  drainage.  Nordi  Uvalda  was  dry  tfarou^out  most  of 
Water  Year  1990  but  received  intermitteit  flows  in  Octobw  1989  and  in  April  1990  durou^  Sqitenber 
1990  from  Highline  Lateral  and  Uvalda  Intercqitor.  A  maximum  volume  of  270.74  ac-ft  was  measured 
at  die  station  during  June  1990. 


SWAR-90.4 


-  109- 


4.1. 6.2.2  Animal  Streamflow  Analysis 


Streamflow  at  North  Uvalda  was  intermittent  during  Water  Year  1990  and  is  Ulustrated  in  Figure  4. 1-7. 
Specific  analysis  of  streamflow  tr«ads,  maximum  or  minimum  flows,  or  runoff  depths  is  not  meaningful 
at  diis  station  since  all  flow  is  controlled.  A  total  of  406.21  ac-fl  (1.32  x  10^  gallons)  was  measured 
during  Wator  Year  1990  at  the  station. 

4. 1 .6.2.3  Mean  Monthly,  Maximum  Daily  and  Minimum  Daily  Flows 

Mean  monthly  flows  at  North  Uvalda  ranged  from  0.00  c6  during  Novemba  1989  flutmgh  March  1990 
to  a  maximum  of  4.6  cfs  in  June  1990.  The  maximum  daily  flow  was  18.0  cfs  in  both  June  1990  and 
Sqitember  1990.  The  minimum  daily  flow  was  0.(X)  cfs  for  die  majority  of  Water  Year  1990.  A 
mondily  summary  of  daily  minimum,  maximum  and  mean  discharges  for  all  RMA  surfsce-water 
monitoring  stations  during  Watm  Year  1990  is  presented  in  Table  4. 1-4.  Annual  plots  for  these  values 
are  illustrated  in  Figure  4.1-18  and  Figure  4.1-29. 

4. 1 .6.2.4  Streamflow  Storm  Runoff  Hydrogr^bs 

Analysis  of  response  to  precipitation  events  is  not  meaningful  at  Nordi  Uvalda  since  all  flow  at  die  station 
is  controlled  (Table  4.1-5). 

4. 1 .7  Hiohlinb  Lateral  GAOtNO  Station 

The  Highline  Lateral  station  is  located  in  the  Highline  Lateral  widiin  die  Irondale  Guldi  drainage  basin 
and  monitors  South  Platte  River  water  delivmed  to  Upper  Doby  Lake  and/or  Lower  D»by  Lake  via 
North  Uvalda  (Figure  2.3-2).  Stream  stage  is  monitored  widi  a  Steveis  I^pe  F  (analog)  recorder  and 
a  Style  C  staff  gage. 
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4.1.7.1 


The  stageKlischarge  rdatioiishq)  for  Hi^ine  Lateral  is  depicted  by  die  station’s  rating  curve.  The  rating 
curve  for  station  was  devdoped  «npirically  by  obtaining  instantaneous  discharge  measurements  and 
corresponding  staff  measurements. 

4.1.7.1.1  Continuous  Stage  Data 

Tlie  Higfaline  Lateral  discharge  record  from  October  1989  dirough  April  1990  was  based  on  weeldy 
ol»ervations  of  die  station.  The  discharge  for  the  remainder  of  Water  Year  1990  was  produced  by 
converting  the  daily  strip-diart-stage  record  to  a  daily  digitized-stage  record.  Digital  stage  data  are  dioi 
converted  to  computed  instantaneous  discharge  values  derived  from  the  current  stage-discharge 
relationship.  The  computed  instantaneous  discharge  values  are  dien  compiled  and  reduced  to  mean  daily 
discharges.  Relative  accuracy  ratings  of  the  daily  mean  discharges  were  determined  fr>r  eadi  station 
based  on  USGS  standards  as  described  in  Section  4.I.2.I.I. 

The  continuous  stage  record  for  Hi^ine  Lateral  is  considered  good  for  Water  Year  1990  and  no  periods 
of  record  were  estimated.  Some  irregularities  and  inaccuracies  of  tiie  record  are  caused  by  tiie  following 
conditions: 

•  Wave  action  in  the  feeder  channd  caused  tiie  recorder  to  produce  a  broad  irregular  trace 
on  the  strip  charts,  making  the  stage  record  difficult  to  interpret;  and, 

•  A  staff  gage  positioned  on  the  weir  caused  irr^;ular  flow. 

4.1.7.1.2  Rating  Curves  and  Equations 

The  metiiodology  for  rating  curve  devdopment  and  rating  curve  verification  is  described  in  Section 
4. 1 .2. 1 .2.  The  rating  curve  for  the  Highline  Lateral  structure  was  previously  drived  and  was  based  on 
field  measuremoits  of  instantaneous  disdiarge  and  corresponding  staff  measuremmts.  The  Highline 
Lat^al  structure  is  a  6-ft  Cipolldti  Weir.  The  Cipolletti  Weir  laboratory  rating  equation  was  not  used 
because  of  significant  ^roadi  velocities  and  because  a  staff  gage  is  welded  to  the  weir  blade  within  the 
flow  fidd.  Sixtemi  verified  instantaneous  discharge  and  staff  measurements,  made  during  Water  Year 
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1990,  wwe  used  to  refine  die  existing  rating  curve  (Appendix  A-S).  These  measurements  indicated  diat 
a  slight  adjustment  was  necessary  at  the  high  end  of  die  rating  curve  to  give  a  better  stage-discharge 
relationship.  The  adjusted  rating  curve  is  considered  fair,  both  in  die  defined  and  extrapolated  regions. 
The  rating  curve  for  Highliiw  Lateral  is  presented  in  Appoidix  A-3.2. 

4. 1.7.2  SurfSace-Water  Hydrologic  Conditions 

The  Highline  Lateral  gaging  station  is  located  along  the  Hi^ine  Lateral  irrigation  ditch  which  ddivers 
Army-owned  shares  of  irrigation  water  divoted  from  die  Soudi  Platte  River  (Table  4. 1-3).  Flow  in  the 
channd  is  intomittent  and  can  be  directed  to  Lowtf  D^y  Lake  and/or  Upper  Derby  Lake.  Highline 
Lat^al  contributes  to  die  ovoall  inflow  volume  of  watar  at  RMA.  Streamflow  conditions  including  mean 
mondily  discharge,  maximum  daily  discharge,  minimum  daily  discharge,  and  total  mondily  streamflow 
volume  are  presrated  in  die  following  sections. 

4. 1.7.2. 1  Streamflow  Charactmistics  and  Extr^nes 

Flow  characteristics  at  Highline  Lateral  are  typical  of  stations  with  diversions  and  inflows  firom  controlled 
releases.  Essentially  all  flow  at  the  monitoring  station  is  derived  from  controlled  rdeases.  Precipitation 
occurring  on  RMA  has  little  or  no  effect  on  flow  at  die  station  because  berms  diat  line  the  cfaannd 
prevent  surface-water  runoff  from  flowing  into  the  drainage.  Highline  Latmal  was  dry  throu^out  most 
of  Water  Year  1990,  but  received  intermittent  flows  in  May  1990  through  S^tembm  1990.  A  maximum 
volume  of  621.06  ac-ft  was  measured  at  the  station  during  June  1990. 

4.1. 7.2.2  Annual  Streamflow  Analysis 

Streamflow  at  Highline  Latmal  was  intermittent  during  Water  Year  1990  and  is  illustrated  in  Figure  4. 1- 
8.  Specific  analysis  of  streamflow  trends,  maximum  or  minimum  flows,  or  runoff  d^ths  is  not 
meaningful  at  this  station  since  all  flow  is  controlled.  A  total  of  2,003.21  ac-ft  (6.53  x  lO^  gallons)  was 
measured  during  Water  Year  1990. 
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4.1.7.2.3  Mean  MtonAly,  Maxiimim  Daily  and  Miniinum  DaUy  Flows 

Mean  monthly  flows  at  Hishlhte  Lateral  ranged  from  0.00  cfs  during  Octob«  1989  through  April  1990 
to  a  maximum  of  10.0  cfs  in  June  1990.  The  maximum  daily  flow  occurred  in  May  1990  and  was  24.0 
eft.  Minimum  daily  flows  of  0.00  cfi  occurred  during  every  month  in  Watmr  Year  1990.  A  monthly 
summary  of  daily  minimum,  maximum  and  mean  discharges  for  all  RMA  surfoce-water  monitoring 
stations  during  Watm  Year  1990ispresmiteduiTable4.1-4.  Annual  plots  for  diese  values  are  illustrated 
in  Figure  4.1-19  and  Figure  4.1-30. 

4. 1 .7 .2.4  Streamflow  Storm  Runoff  Hydrographs 

Analysis  of  response  to  precipitation  evoits  is  not  meaningful  at  Hi^ine  Latmal  since  all  flow  at  the 
station  is  controlled  (Table  4.1-S). 

4.1.8  South  Plants  DrrcH  Gaoing  Station 

South  Plants  Ditxdi  gaging  station  is  located  in  the  Irondale  Gulch  drainage  basin  and  monitors  surface 
runoff  from  a  small  watershed  betwem  Lower  D^y  Lake  and  tiie  Soutii  Plants  area  (Figure  2.3-2). 
Flow  is  divmted  to  eithm  the  eastern  or  westmn  end  of  Lower  Derby  Lake  via  2  weirs  that  are  set  at 
diffment  elevations.  Stream  stage  is  monitored  witii  a  Stevms  Type  F  (analog)  recordm  and  a  Style  C 
staff  gage. 

4.1.8.1  Stane  Disdiarge  Relationships 

The  stage-disdiarge  relationship  for  South  Plants  Ditch  is  d^icted  by  the  station’s  previous  rating  curve. 
The  rating  curve  for  station  was  developed  empirically  by  obtaining  laboratory  measurmnents  for  a  90 
d^ee  V-notch  weir  and  a  sharp-crested  suppressed  rectangular  weir. 

4. 1 .8. 1 . 1  Continuous  Stage  Data 

The  Soutii  Plants  Ditch  discharge  record  from  October  1989  through  March  1990  was  based  on  weekly 
observations  of  the  station.  The  discharge  for  the  remainder  of  Water  Year  1990  was  based  on  the  daily 
strip-diart-stage  record.  Since  the  station  did  not  receive  any  flow  during  Water  Year  1990  it  was  not 
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necessary  to  convert  the  daily  strip-chart-stage  record  to  a  digital  format  for  reduction.  The  disdiarge 
record  for  Water  Year  1990  is  presented  in  Appendix  A-8.  The  continuous  stage  record  for  Soudi  Plants 
Ditch  is  considered  excellent  for  Water  Year  1990  and  no  periods  of  the  record  were  estimated.  Relative 
accuracy  ratings  of  the  daily  mean  discharges  were  determined  for  each  station  based  on  USGS  standards 
as  described  in  Section  4.I.2.I.I. 

4.1.8.1.2  Rating  Curves  and  Equations 

The  methodology  for  rating  curve  developmoit  and  rating  curve  verification  is  described  in  Section 
4. 1 .2. 1 .2.  The  rating  curve  for  Soutii  Plants  Ditdi  was  previously  devdoped  using  a  combination  of  the 
aiq>irical  laboratory  ratings  for  a  90*  V-notcfa  weir  and  a  sharp-crested  suppressed  rectangular  weir.  The 
station  received  zero  flow  during  Water  Year  1990;  timefore,  the  current  rating  curve  could  not  be 
refined.  The  rating  curve  is  considwed  poor,  both  in  the  defined  and  extrapolated  regions.  The  rating 
curve  for  Soutii  Plants  Ditch  is  presented  in  Appoidix  A-3.2. 

4.1.8.2  Surface-Water  Hydrologic  Conditions 

South  Plants  Ditch  receives  runoff  from  an  iqiproximatdy  0.05S  sq  mi  watmhed  located  between  Lower 
Derby  Lake  and  the  South  Plants  area  (Table  4.1-3).  Stream  flow  at  the  station  is  rare  with  only  one 
flow  occurring  in  the  last  two  water  years.  Riqiid  infiltration  of  precipitation  in  the  watershed  prevents 
ai^  significant  amount  of  runoff  from  readiing  the  ditch.  Gmerally,  flow  cannot  occur  at  the  station 
unless  anteced«it  soil  moisture  is  high  before  a  storm  evmit  occurs.  Conditions  for  South  Plants  Ditdi 
including  mean  montiily  discharge,  maximum  daily  disdiarge,  minimum  daily  disdiarge  and  total 
monthly  streamflow  volume  are  presented  in  the  following  sections. 

4. 1.8.2. 1  Streamflow  Characteristics  and  Extremes 

South  Plants  Ditch  did  not  receive  flow  during  the  year  and  historically  flow  has  been  int^mittent. 
Essentially  all  flow  at  the  monitoring  station  is  derived  from  surface-water  runoff. 
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4.1. 8.2.2  Aomul  ^reunflow  Aiudysis 


Hm  mcmlfaly  discharge  volume  hydiogn^  for  Soudi  Plants  Ditch  is  presented  in  Figure  4. 1-9.  Specific 
analysis  of  streamflow  trends,  maximum  or  miniimim  flows,  or  runoff  depdis  is  not  possible  at  diis  staticn 
since  zero  flow  occurred  during  Water  Year  1990. 

4.1.8.2.3  Mean  hfondily.  Maximum  Daily  and  Minimum  Daily  Flows 

Mean  moodily  flows  at  South  Plants  Ditdi  were  0.00  cfo  for  die  entire  water  year.  Maximum  and 
minimum  daily  flows  were  0.00  eft  for  all  months.  A  moodily  summary  of  daily  miniimim,  maximum 
and  mean  disdiarges  for  all  RMA  surftce-water  monitoring  stations  during  Water  Year  1990  is  presented 
in  Table  4.1-4.  Annual  plots  for  these  values  are  illustrated  in  Figure  4.1-20  and  Figure  4.1-31. 

4. 1 .8.2.4  Streamflow  Storm  Runoff  Hydrographs 

Analysis  of  response  to  predpitadon  events  is  not  possible  at  South  Plants  Ditch  since  zero  flow  was 
recorded  at  the  station  during  Wat»  Year  1990  (Table  4. 1-5). 

4.1.9  South  First  Creek  Gaqino  STATi(»t 

The  South  First  Creek  gaging  station  is  located  in  First  Creek  and  monitors  flow  aitning  RMA  from  a 
26.38  sq  mi  watershed  that  contains  0.197  sq  mi  of  storm  sewer  drainage  from  an  urbanized  area  OPigure 
2.3-2).  First  Creek  miters  RMA  along  its  eastmn  border  in  Section  8.  Stream  stage  is  monitored  with 
a  Style  C  staff  gage,  a  Campbdl  Scientifle  CR-10  (digital)  data  loggw/bubbler  system  and  a  Stevmis  T^pe 
F  (analog)  recorder  as  a  backup. 

4.1.9.1  Stage  Discharge  Relationships 

Ihe  stage-discharge  rdationship  is  depicted  by  the  station’s  established  rating  curve.  South  First  Creek’s 
rating  curve  was  devdoped  using  instantaneous  discharge  measurmnents  and  corresponding  staff  gage 
readings.  The  currmit  rating  curve  is  new  for  Water  Year  1990  and  is  the  result  of  instantaneous 
discharge  measurmnmits  collected  during  the  year  that  served  to  more  accurately  define  the  stage- 
discharge  relationship  than  the  previous  rating. 
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4.1.9.1.1  Continuous  Stage  Data 


The  discharge  record  for  Soudi  First  Credc  was  produced  by  converting  the  digital  stage  data  of  the  GR¬ 
ID  data  logger  to  computed  instantaneous  disdiarge  values  derived  firom  the  current  stage-discharge 
rdationship.  The  computed  instantaneous  disdiarges  are  then  conq>iled  and  reduced  to  mean  daily 
disdiarges  (Appondbc  A-8).  Relative  acaancy  ratings  of  foe  daily  mean  discharges  were  determined  for 
each  station  based  on  USGS  standards  as  described  in  Section  4.I.2.I.I. 

Hie  continuous  stage  record  for  Water  Year  1990  is  considered  good.  Periods  of  estimated  records 
include; 


•  Decohbtf  18-22,  1989;  and 

•  February  14-16,  1990. 

Estimated  records  during  Deconber  1989  and  Fdiruary  1990  wm«  due  to  freezing  conditions  foat  caused 
foe  CR-10  data  logger  to  record  erroneous  data.  The  analog  backup  record  was  not  available  during  this 
period  due  to  ice  in  foe  station’s  stilling  well;  foerefore,  foe  estimates  w«:e  based  on  obsmvations  of  the 
staff  gage  during  weekly  visits  to  the  station.  Ofotf  ir^ularities  and  inaccuracies  were  caused  by  foe 
following  condition: 

•  Intake  pipes  are  installed  too  high  to  equilibrate  foe  stream  and  stilling  well  at  periods 
of  vmy  low  flow.  This  problon  affected  only  foe  analog  record. 

4.1.9.1.2  Rating  Curves  and  Equations 

The  methodology  for  rating  curve  devdopmoit  and  rating  curve  verification  is  described  in  Section 
4.I.2.I.2.  The  rating  curve  for  foe  South  First  Cred^  structure  was  empirically  derived,  based  on  fidd 
measurements  of  instantaneous  disdiarge  and  corresponding  staff  measurements.  The  Soufo  First  Creek 
structure  is  a  compound  concrete  weir  with  a  V-notdi.  Ninetera  verified  instantaneous  discharge  and 
staff  measurments  were  made  during  Water  Year  1990  (Appendix  A-5).  These  measurements  were  used 
to  define  and  develop  a  new  rating  for  foe  station.  A  high  flow  extrapolation  was  performed  on  foe  upp^ 
region  of  foe  rating  curve  due  to  a  lack  of  instantaneous  discharge  and  staff  measurements  in  this  r^ion. 
The  staff  gage  datum  dianged  in  December  1989.  Subsequmit  to  this  change,  an  e  value  (gage  height 
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oi  MTO  flow  in  fiBet)  of  -0.04  was  applied  to  the  new  rating  relationahip.  The  new  rating  curve  is 
considered  to  be  good  in  the  defined  region  and  fldr  in  the  extraptd^  region.  The  ntting  curves  ftx 
South  First  Credc  are  presented  in  AM)eiidix  A-3.2. 


4. 1.9.2  Surfacw-WatBf  Hvdrologk  Conditions 


The  Soudi  First  Credc  gaging  station  is  located  on  the  soudieastem  border  of  die  Arsenal.  Flow  at  the 
station  is  intermittent;  however,  die  station  is  dry  for  only  short  periods  during  die  summer.  Fidd 
observations  indicate  diat  First  Creek  behaves  both  as  an  influent  and  dfluent  stream  dqiending  on  die 
season.  Sources  of  surfiKe-water  at  South  First  Creek  and  odier  RMA  continuous  monitoring  stations  ate 
presented  in  Tdile  4. 1-3.  Water-disdiarge  records  for  this  station  during  Water  Year  1990  are  presented 
in  A[^>endix  A-8.  Streamflow  conditions  for  South  First  Creek  including  mean  daily  discharge,  mean 
monthly  discharge,  maximum  daily  discharge,  minimum  daily  disdiarge  and  total  mondily  streamflow 
volume  are  presented  in  die  following  sections. 


4.1.9.2.1  Streamflow  Characteristics  and  Extrones 


Sottdi  First  Creek  exhibits  flow  diaracteristics  diat  are  typical  of  stations  that  monitor  streams  in 
watersheds  that  do  not  contain  a  significant  amount  of  urbanization.  Flow  is  drived  from  ground-water 
discharge  and  surfsce-water  numff  from  precipitation.  Precipitation  diat  falls  in  the  off-post  drainage  area 
can  affect  flow  to  die  station  in  varying  degrees  dqioiding  on  soil  and  channel  bank  moisture  content, 
and  rediarge  to  die  near-surface  ground-water  syston  at  different  times  of  die  year. 

Diurnal  fluctuations  were  recorded  on  hydrogn^hs  at  Soudi  First  Creek  during  Water  Year  1990  from 
mid-spring  dirough  die  summw.  Daily  peaks  in  streamflow  during  baseflow  conditions  generally  occur 
in  die  evening  to  early  morning,  indicating  diat  reduced  evqiotranspiration  rates  may  contribute  to 
streamflow  during  diis  time  period. 


Maximum  flows  occurred  during  the  late  winter  and  mid-summer  as  a  result  of  snowmelt  runoff, 
dnindmtomis  and  multi-di^  rainfall  events.  Minimum  flows  occurred  primarUy  during  the  fall  through 
mid-winter  and  in  the  late  summw  wher  'Ymditions  are  dry  or  whwi  water  in  the  channel  is  frozen.  The 
maximum  monthly  runoff  volume  during  Watw  Year  1990  was  203.70  ac-ft  (0.14  in.  over  die  26.38  sq 
mi  drainage  area)  and  occurred  in  August  1990.  The  minimum  monthly  runoff  volume  was  16.42  ac-ft 
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(0.01  in.  over  the  26.38  sq  mi  dninige  aret)  and  occoned  in  October  1989.  The  maximum  numdily 
diadiarge  volaine  at  South  Pint  Creek  was  ^iproximately  12  tfanes  greater  dian  die  mmimum  monthly 
diadiarge  volume. 

4.1. 9.2.2  Annual  Streamflow  Analysis 

Stieamflow  at  SovA  First  Grade  varied  ocmsiderably  dirou^tout  Water  Year  1990  and  is  illustrated  in 
dm  moodily  total  dtsdungel^dtograidi  (Figure  4.  MO).  Soudi  First  Qede  reodved  low  flow  vdumes 
during  the  fall  through  mid-winter  and  late  summer.  Total  disdiarge  gradudly  increased  firmn  October 
1989  to  February  1990,  averaging  qiproximatdy  38  ac-ft  per  mmidi,  but  had  a  rdadvdy  sharp  volume 
increase  to  119.76  ac-ft  in  March  1990.  The  increase  in  March  1990  is  indicative  of  a  late  winter 
response  to  diawing,  increased  precipitation  and  snowmdt  runoff.  Discharge  volumes  dedined  after 
Mardi  1990  until  June  1990.  The  total  disdiarge  volume  in  June  1990  was  only  23.92  ac-ft  idikh  is 
indicative  of  die  rdadvdy  dry  spring  diat  occurred  at  RMA  during  Water  Year  1990.  Precipitation 
increased  considerdily  in  July  1990;  however,  die  net  effect  on  disdiarge  volume  was  minimd  at  Sooth 
First  Grade,  increasing  to  only  35.84  acre-feet.  Althoo^  net  prechiitatkm  was  minimd,  two  nuyor  storm 
events  emdriboted  to  die  mondily  hi^  water  volume  of  203.70  ac-ft  diat  was  recorded  at  Soudi  First 
Crede  during  August  1990.  The  high  water  volume  was  likdy  due  to  increased  baseflow  conditions  that 
was  created  from  die  high  amount  of  precqiitation  reedved  the  previous  mondi.  Flow  reedved  during 
August  1990  was  the  maximum  at  the  station  for  die  water  year.  Totd  mondily  water  volume  decreased 
considerably  to  22.00  ac-ft  during  September  1990  in  response  to  reduced  amounts  of  precipitation  and 
increased  evqiotran^iration  rates.  Ihe  station  reedved  a  total  of  729. 1 1  ac-ft  (2.38  x  10^  gallons)  during 
die  year.  This  is  equivaleiit  to  0.S2  in.  of  runoff  from  the  watershed  (4.7  percent  of  die  precipitation 
measured  at  the  Soudi  Plants  Rain  Gage). 

4. 1.9.2.3  Mean  Mondily,  Maximum  Daily  and  Minimum  Daily  Flows 

Mean  momhly  flows  at  Soudi  First  Creek  ranged  from  0.27  cfs  in  October  1989  to  a  maximum  of  3.3 
cfs  in  August  1990.  Mean  monthly  flows  were  hipest  in  late  winter  and  mid-summer.  Maximum  daily 
flows  were  generally  two  times  greater  than  die  mean  mondily  flows,  which  indicates  diat  die  maximum 
high  flow  events  are  usually  short  duration  and  do  not  always  contribute  significantly  to  the  mean  monthly 
disdiarge.  However,  die  maximum  daily  flow  was  more  dian  20  times  greater  dian  die  mean  mondily 
flow  in  August  1990.  Minimum  daily  flows  were  as  low  as  0.00  cfs  during  July  1990.  Maximum  daily 
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flows  rued  from  0.42  cfr  daring  October  1989  to  68.0  cfii  during  Angost  1990.  A  monihly  sonuury 

daily  minfawiim,  nwtiniMni  tiH  mnmn  rfiarfiary  fnt  all  UMA  mrfacft-water  monitmiiig  itarinna  itoring 

Water  Yeer  1990is|»esealedinTable4.1-4.  AnmisI  plots  for  tliese  values  are  illustrated  in  Figure  4.1- 
21  and  Figure  4.1-32. 

4.1.9.2.4  Streamflow  Storm  Runoff  Hydrogrs|du 

ftreamflow  simm  l^drographs  observed  at  RMA  (hiring  Water  Year  1990  represent  flow  conditions  in 
reeponse  to  ptec^itatkm  events  WPical  for  diis  area  of  Colorado.  Six  hi^  or  extended  storm  events 
(March  5, 6,  1990;  May  29.  30.  1990;  July  7-11.  and  29.  1990;  August  14-20.  1990;  September  17-21, 
1990)  were  analyzed  as  described  in  Section  4.2.2.4. 

Soudi  First  Credc  reqxmded  to  storm  evoits  in  a  manner  that  is  Qfpicai  of  natural  watersheds.  The 
reqxmse  timea  to  precipitation  events  varied  thnnighout  die  year  depending  on  the  baseflow  conditions 
present  at  the  time  of  die  storm  and  die  spatial  distribution  of  rainfall.  The  response  time  for  die  wintn 
storm  event  took  iqiproximaldy  8  hours  and  streamflow  recession  lasted  approximately  24  hours. 
Response  timea  from  die  mid-spring  to  die  mid-aummer  mondis  were  generally  2  to  4  hours  with 
streamflow  recession  timea  ranging  from  24  to  48  hours.  Dry  soil  conditions  usually  lead  to  longer 
response  times  at  this  station,  while  conditions  of  high  ground-water  levds  will  contribute  to  more  r^iid 
response  times.  Similar  re^Kinses  to  storm  events  are  evident  at  Nordi  First  Creek  and  First  Creek  Off- 
Post. 

4.1.10  N(»TH  First  Creek  OAONa  Stati(X4 

The  North  First  Qeek  gaging  station  is  located  in  the  First  Creek  drainage  basin  and  monitors  flow 
leaving  nortfaeni  RMA  (Figure  2.3-2).  This  36.70  sq  mi  drainage  area  is  primarily  a  natural  watershed. 
First  Creek  enters  RMA  along  its  eastmn  bordn  in  Section  8  and  flows  across  RMA  to  die  north  were 
it  exits  in  Section  24.  Stream  stage  is  monitored  widi  a  Style  C  staff  gage,  a  Canqibell  Scientific  CR-10 
(digital)  data  logger/bubbler  syston  and  a  Stevmis  Type  F  (analog)  records  as  a  backup. 
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4.1.10.1  StMe  PiidiargB  Relarionriii^ 


The  stage^lifduffge  idatkmship  is  depicted  by  the  station’s  rating  curve,  '^orth  First  Creek’s  ntting 
curve  was  devidoped  using  instantaneous  discharge  measuremeats  and  corre^nding  staff  gage  readings 
in  ooiyunction  widi  a  HEC-2  analysis  (U.S.  Anxiy  Cups  of  Eogineeta,  1982).  The  curreu  rtting  curve 
for  Water  Year  1990  is  foe  result  of  refinements  made  possible  forou^  the  collection  of  inttantaneous 
discharge  measurements  during  the  year  that  served  to  more  accurately  d^ine  foe  stage-discharge 
relationah^. 

4.1.10.1.1  Continuous  Stage  Data 

The  discharge  record  for  Norfo  First  Creek  was  produced  by  converting  the  digital  stage  data  of  the  CR- 
10  data  logger  to  conqmter  instantaneous  discharge  values  derived  from  foe  current  stage-discharge 
rdationship.  The  computer  instantaneous  discharges  are  foen  compiled  and  reduced  to  mean  daily 
diadiarges  (Appendix  A-8).  Relative  accura^  ratings  of  the  daily  mean  discharges  were  determined  for 
eadi  station  based  on  USGS  standards  as  described  in  Section  4.I.2.I.I. 

The  continuous  stage  record  for  Water  Year  1990  is  considered  good.  Periods  of  estimated  records 
include: 


•  January  19,  20,  1990;  and 

•  February  15-17,  1990. 

E^imated  records  were  due  to  freezing  conditions  foat  caused  foe  CR-10  data  logger  to  record  erroneous 
data.  The  analog  backiq)  record  was  not  available  during  this  period  due  to  ice  in  foe  station’s  stilling 
wdl;  therefore,  estimates  were  based  on  observations  of  stage  during  weekly  visits  to  foe  station.  Ofoer 
irr^ularities  and  inaccuracies  were  caused  by  foe  following  conditions: 

•  Intake  pipes  are  installed  too  high  to  equilibrate  foe  stream  and  stilling  wdl  at  periods 
of  very  low  flow.  This  problem  affected  only  foe  andog  record;  and 

•  Excess  dd)ris,  such  as  v^etation  and  trash,  accumulated  in  foe  diannd  upstream  of  foe 
weir  and  around  foe  staff  gage. 
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4.1.10.1.2  Ridog  Curves  ud  Eqiiatioos 


Hie  metlMdology  for  rating  curve  devdopmeot  and  rating  curve  verification  is  described  in  Section 
4.I.2.I.2.  Hie  rating  curve  for  Nordi  First  Creek  was  en^irically  (forived,  based  on  Odd  measurements 
of  instantaneous  disdiarge  and  corresponding  staff  measurements.  Hie  North  First  Credc  structure  is  a 
conqiound  ctmerete  wdr  widi  a  V-notch.  Hie  empirkal  stage4isdiarge  rdatkmship  was  devdoped  using 
one  verified  instantaneous  disdiarge  measurmnoit  in  combination  with  a  HEC-2  analysis.  During  the 
Water  Year  1990,  the  gage  datum  was  converted  from  zero  on  the  staff  gage  to  zero  head  above  die  weir. 
Nine  verified  instantaneous  disdiarge  and  staff  measuremmits  made  during  Water  Year  1990  confirmed 
die  permanence  of  the  converted  rating  curve  (Appendix  A-S).  The  rating  curve  is  considered  good,  both 
in  die  defined  and  extrapolated  r^ions.  The  rating  curve  for  Nordi  First  Credt  is  presented  in  Aiqiendix 
A-3.2. 


4.1.10.2  Surface-Water  Hydrologic  Condidons 

Hie  Nordi  First  Credc  gaging  station  is  located  near  the  nordiem  border  of  die  Arsenal  in  Section  24. 
Flow  at  the  station  is  intermittent  and  the  station  was  dry  for  several  months  during  Water  Year  1990. 
GainAoss  studies  indicate  diat  First  Credc  upstream  of  the  Nordi  First  Credc  station  bdiaves  as  an 
influent  stream  and  as  an  effluent  stream  depoidiiig  on  the  season.  Sources  of  surface-water  at  North 
First  Credc  and  odier  RMA  continuous  monitoring  stations  are  presented  in  Table  4.1-3.  Discharge 
records  for  this  station  during  Water  Year  1990  are  presented  in  Appmidix  A-8.  Streamflow  conditions 
for  Nordi  First  Credc  induding  mean  daily  discharge,  mean  monthly  disdiarge,  maximum  daily 
discharge,  minimum  daily  discharge  and  total  mondily  streamflow  volume  are  presmted  in  the  following 
sections. 

4.1.10.2.1  Streamflow  Characteristics  and  Extrmnes 

Nordi  First  (>eek  exhibits  flow  charact^tics  that  are  typical  of  natural  watmheds.  Flow  is  derived 
from  ground-watm:  discharge  and  surface-water  runoff  from  precipitation.  Precipitation  that  falls  in  the 
off-post  drainage  area  can  affect  flow  to  the  station  in  varying  degrees  d^ioiding  on  soil  and  channel 
bank  moisture  commit,  and  recharge  to  the  near-surface  ground-water  system  at  differmit  times  of  the 
year.  First  C^edc  also  has  sevmal  small  tributaries  on  RMA  that  can  contribute  a  minor  ainoum  to  flow 
during  snowmdt  runoff  or  during  large  storm  events. 
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Maximum  flows  occurred  during  the  late  wint^  and  mid-summo’  as  a  result  of  snowmdt  runoff, 
fliundttrstorms  and  multi-day  rainfall  evmits.  Minimum  flows  occurred  primarily  during  the  fall  through 
mid-winter  and  in  the  late  spring  when  water  in  the  channel  is  frorsen  or  when  conditions  dry.  The 
maximum  monthly  runoff  volume  during  Wattf  Year  1990  was  153.78  ac-ft  (0.08  in.  over  the  36.70  sq 
mi  drainage  area)  and  occurred  in  March  1990.  The  minimum  monthly  runoff  volume  was  0.00  ac-ft 
in  October  through  Decmnber  1989  and  July  1990. 

4.1.10.2.2  Annual  Streamflow  Analysis 

Streamflow  at  Nordi  First  Creek  varied  considerably  dirou^out  Water  Year  1990  and  is  illustrated  in 
the  monthly  total  discharge  hydrograph  (Figure  4.1-11).  Nordi  First  Creek  received  zm  flow  during 
die  fall  (Octob^  1989  dirough  Decmnber  1989)  of  Watm*  Year  1990.  Low  wattf  volumes  were  measured 
during  January  1990  and  Fdiruary  1990  and  w^e  1.75  ac-ft  and  8.91  ac-ft  respectively.  Total  discharge 
increased  dramatically  during  Mardi  1990  and  a  total  of  153.78  ac-ft  was  measured  at  die  station.  The 
increase  in  March  1990  is  indicative  of  a  late  wint»  response  to  diawing,  increased  precipitation, 
snowmdt  runoff,  and  devated  ground-water  levds.  Watm’-discharge  volumes  dedined  aftor  March  1990 
until  July  1990  when  die  total  water  volume  rdumed  to  0.00  acre-feet.  Gain/loss  studies  indicate  that 
First  Creek  was  influent  during  June  1990  and  remained  in  that  state  until  mid-August  1990.  Substantial 
amounts  of  precipitation  occurring  during  July  1990  did  not  produce  flow  at  die  station;  however,  die 
return  of  flow  in  mid-August  appears  to  be  a  baseflow  response  to  the  precipitation  that  was  received  the 
prior  month.  A  total  of  77.20  ac-ft  was  measured  in  August  1990.  Total  monthly  wat^  volume 
decreased  to  34.33  ac-ft  during  S^tmnber  1990  in  response  to  reduced  amounts  of  precipitation  and 
increased  evapotranspiration  rates.  A  total  of  399.94  ac-ft  (1.30  x  lO^  gallons)  was  measured  at  die 
station  during  die  year.  Ihis  is  equivalent  to  0.20  in.  of  runoff  from  the  watnshed  (1.8  percoit  of  the 
precipitation  measured  at  the  South  Plants  Rain  Gage). 

4. 1 . 10.2.3  Mean  Mondily,  Maximum  Daily  and  Minimum  Daily  Flows 

Mean  monthly  flows  at  North  First  Creek  ranged  from  0.00  cfs  in  Octobm*  through  Decemb^  1989  and 
July  1990  to  a  maximum  of  2.5  cfs  in  March  1990.  Mean  monthly  flows  were  highest  in  late  winter  and 
mid-summer.  Maximum  daily  flows  avoraged  six  times  greater  than  the  mean  monthly  flows,  which 
indicates  that  die  maximum  high  flow  events  are  usually  short  duration  and  do  not  always  contribute 
significandy  to  the  mean  monthly  discharge.  Minimum  daily  flows  were  0.00  cfs  during  October  1989 
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dirottg^  Petoiaiy  1990  nd  June  diroa^  August  1990.  Maxiimun  daily  flows  ranged  fnnn  0.42  cfii 
duruig  January  1990  to  18.0  cfs  during  Mardi  1990.  A  monthly  summary  of  daily  minimum,  maximum 
and  mean  discharges  for  all  RMA  surfoce-water  monitoring  stations  during  Water  Year  1990  is  presented 
in  Table  4.1-4.  Annual  hydrogriq;>h  plots  for  Nordi  First  Creek  are  illustrated  in  Figure  4.1-22  and 
Figure  4.1-33. 

4. 1 . 10.2.4  Streamflow  Storm  Runoff  Hydrographs 

Streamflow  storm  hydrognq;riis  observed  at  RMA  during  Water  Year  1990  represent  flow  conditions  in 
response  to  precipitation  events  typical  for  tills  area  of  Colorado.  Six  hi^  or  extended  storm  events 
(March  5, 6.  1990;  May  29,  30.  1990;  July  7-11,  and  29,  1990;  August  14-20, 1990;  September  17-21, 
1990)  were  analyzed  as  described  in  Section  4.I.2.2.4. 

Nortii  First  Creek  responded  to  storm  ev«tts  diffieroitiy  tiirougfaout  tiie  year.  Altiiough  only  two  of  tiie 
storms  analyzed  induced  a  flow  response  at  tiie  station,  tiie  response  times  to  precipitation  evrats  varied 
dtyeiwting  on  the  baseflow  conditions  presoit  at  the  time  of  the  storm  and  the  spatial  distribution  of 
rainfall.  Storm  events  occurring  in  July  and  Sqitemba  1990  did  not  produce  any  flow  at  the  station 
when  it  was  initially  dry.  The  response  time  for  the  late-winter  storm  event  took  qiproximately  4  hours 
and  approximatdy  30  hours  for  flow  to  peak  which  is  indicative  of  a  tiie  lag  time  for  watmshed  drainage 
to  reach  the  stream.  Streamflow  recession  lasted  approxiniatdy  36  hours.  The  station  responded  almost 
immediately  to  the  August  1990  storm  event  and  peak  flow  occurred  i^roximately  8  hours  aftm^  the  first 
response.  Streamflow  recession  lasted  for  3  dt^. 

4.1.11  First  Creek  Off-Post  Gaoino  Station 

The  First  Creek  Off-Post  gaging  station  is  located  in  the  First  Credr  draim^e  basin  approximatdy  0.5 
mi  north  of  96th  Avenue  and  monitors  streamflow  tiiat  has  exited  RMA  (Figure  2.3-2).  This  37.32  sq 
mi  drainage  area  is  primarily  a  natural  watershed.  First  Creek  entms  RMA  along  its  eastern  border  in 
Section  8  and  flows  across  RMA  to  the  north  where  it  exits  in  Section  24  and  continues  to  the  northwest. 
The  First  Creek  Off-Post  station  is  located  directly  upstream  of  First  Creek’s  confluence  with  O’Brian 
Canal.  Stream  stage  is  monitored  with  a  Omnidata  DPI  IS  Dat^iod  (digital)  recorder  in  conjunction  with 
a  Stevens  Type  F  (analog)  recorder  and  a  Style  C  staff  gage. 
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4.1.11.1  Stage  Discharge  Relatiomhioa 


Tlie  stage-discbarge  rdatioiiahip  is  represented  by  the  station’s  rating  curve.  First  Creek  Off-Post’s  rating 
curve  was  devel<^>ed  eiiq)irteally  in  die  laboratory,  and  was  verified  for  Water  Year  1990  widi 
instantaneous  discharge  measuronents  collected  diroughout  the  year. 

4.1.11.1.1  Continuous  Stage  Data 

The  discharge  record  for  First  Credc  Off-Post  during  Water  Year  1990  was  produced  by  converting  the 
digital  stage  data  of  die  DPI  IS  Datapod  to  conqmted  instantaneous  discharge  values  derived  from  die 
current  stage-discharge  rdadonship.  The  conqiuted  instantaneous  discharges  are  dien  compiled  and 
reduced  to  mean  daily  discharges  (Appoidix  A-8).  The  station  did  not  have  a  Stevens  Type  F  recorder 
installed  until  November  1989  and  the  DPI  IS  Datapod  was  retrofitted  in  late  Friiruary  1990.  Stripcharts 
wtte  digitized  by  hand  periodically  during  die  year  whmi  datapod  records  were  inaccurate  or  missing 
portions  of  data.  Relative  accuracy  ratings  of  die  daily  mean  discharges  were  detmnined  for  each  station 
based  on  USGS  standards  as  described  in  Section  4.I.2.I.I. 

The  continuous  stage  record  for  Wat»  Year  1990  is  considned  good.  Pniods  of  estimated  records 
include: 

•  October  11-31,  1989; 

•  Novonbtt  1-6,  1989; 

•  Deomiber  16-19,  1989; 

•  Friiruary  7-26,  1990;  and 

•  June  6-28,  1990. 

Estimated  records  during  October  1989  and  Novmnber  1989  were  made  because  the  station  was  receiving 
vny  low  flows  (based  on  obs^ations  of  stage  during  weridy  visits)  and  did  not  have  a  Stevens  Type 
F  recorder  opiating  at  that  time.  The  estimates  during  Decmnb»  1989  were  due  to  freezing  conditions 
tiiat  caused  the  Stevmis  Type  F  recorder  to  collect  erroneous  stage  data.  The  records  was  removed  from 
die  station  late  in  December  1989  and  was  returned  to  s^ice  at  the  end  of  Friiruary  1990,  therefore, 
estimates  made  during  February  1990  are  due  to  die  missing  records  during  that  time.  These  estimates 
are  also  based  on  obsmvations  of  stage  during  weekly  monitoring  of  die  station. 
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Otticr  iiregularitieB  and  inaocuraciM  may  be  caused  by  &e  following  conditions: 


•  The  intake  pipe  to  die  stilling  well  accmnulated  sedimem  and  had  to  be  flushed 
occasionally.  Sediment  slows  die  response  time  to  stage  changes. 

•  Algal  growdi  in  the  notch  of  die  flume  restricted  flow  somewhat  and  had  to  be  removed 
once  during  die  year. 

4.1.11.1.2  Rating  Corves  and  Equationa 

The  methodology  for  rating  curve  development  and  rating  curve  veriflcation  is  described  in  Section 
4.I.2.I.2.  The  stage^ischarge  relationship  for  First  Credc  Off-Post  was  developed  using  the  oiqiu.- 
laboratory  rating  for  a  triangular-diroated  flume  with  3:1  sloping  sidewalls  in  die  throat.  Ei^  verified 
instantaneousdischargeandstaffmeasurementsmadeduringWaterYear  1990  confirmed  die  permanence 
of  the  rating  curve  (Appendix  A-5).  The  rating  curve  is  considered  good  in  bodi  the  defined  and 
extrapolated  regions.  Ihe  rating  curve  for  First  C^ec^  Off-Post  is  presented  in  Appendix  A-3.2. 

4.1.11.2  Hydroteat  .Conditigas 

The  First  Creek  Off-Post  gaging  station  is  located  in  off-post  Section  14  qiproximatriy  O.S  mi  north  of 
RMA.  Flow  at  die  station  is  intermittrat  and  die  station  was  dry  for  several  months  during  Watnr  Year 
1990.  Gain/loss  studies  indicate  that  First  Creric  briiaves  as  an  influmit  stream  and  as  an  effluent  stream 
dep«iding  on  the  season.  Sources  of  surfoce-water  at  First  Crerir  Off-Post  and  odier  RMA  continuous 
monitoring  stations  are  presented  in  Table  4.1-3.  Disdiarge  records  for  diis  station  during  Water  Year 
1990  are  ptesoited  in  App^idix  A-8.  Streamflow  conditions  for  First  Creek  Off-Post  including  mean 
daily  discharge,  mean  mondily  discharge,  muTiimiTn  daily  discharge,  minimum  daily  disdiarge  and  total 
mondily  streamflow  volume  are  presented  in  the  following  sections. 

4.1.11.2.1  Streamflow  Charactnistics  and  Extrones 

First  Creric  Off-Post  exhibits  flow  characteristics  that  are  ^ical  of  natural  watmheds.  Flow  is  derived 
primarily  from  ground-water  discharge.  Surface-wat^  runoff,  precipitation  and  effluent  from  the  Sewage 
Treatmmt  Plant  located  on  RMA  contribute  miimr  amounts  to  flow  at  die  station.  Precipitation  that  foils 
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in  die  off-post  drainage  area  and  on  RMA  can  affect  flow  to  the  station  in  varying  degrees  depending  on 
soil  and  channel  bank  moisture  content,  and  recharge  to  the  near-surface  ground-water  system  at  diffnent 
times  of  the  year.  First  Creek  also  has  several  small  tributaries  on  RMA  that  can  contribute  a  minor 
amount  to  flow  during  snowmelt  runoff  or  during  large  storm  evmits. 

Maximum  flows  occurred  during  the  late  wint»  and  mid-summer  as  a  result  of  snowmelt  runoff, 
thundmtorms  and  multi-day  rainfall  evmits.  Minimum  flows  occurred  primarily  during  the  fall  throu^ 
mid-winter  and  in  late  spring  through  early  summer  when  water  in  die  channel  is  frozen  or  when 
conditions  are  dry  (Figure  4. 1-12).  The  maximum  monthly  runoff  volume  during  Water  Year  1990  was 
111.45  ac-ft  (0.06  in.  ov^  the  37.32  sq  mi  drainage  area)  and  occurred  in  March  1990.  The  minimum 
monthly  runoff  volume  was  0.(X)  ac-ft  in  January  1990. 

4.1.11 .2.2  Annual  Streamflow  Analysis 

Streamflow  at  First  Creek  Off-Post  varied  considerably  throughout  Water  Year  1990.  The  station 
received  very  low  flow  volumes  during  the  fell  througji  mid-winter  (October  1989  through  Fdiruary 
1990)  of  Water  Year  1990.  Total  discharge  volume  during  this  period  was  only  4.92  acre-feet.  Total 
discharge  increased  substantially  during  March  1990  and  a  total  of  111.45  ac-ft  was  measured  at  the 
station.  The  increase  in  March  1990  is  indicative  of  a  late  winter  response  to  thawing,  increased 
precipitation,  snowmelt  runoff  and  elevated  ground-water  levels.  Water-discharge  volumes  steadily 
declined  after  March  1990  until  July  1990  when  the  total  watm^  volume  fell  to  0.79  acre-feet.  Gain/loss 
studies  indicate  that  First  Creek  was  influent  during  June  1990  and  rmnained  in  that  state  until  mid- 
August  1990.  Substantial  amoimts  of  precipitation  w^e  received  during  July  1990  and  produced  only 
minimal  flow  at  the  station;  however,  the  return  of  flow  in  mid-August  spears  to  be  a  baseflow  response 
to  the  precipitation  that  were  received  the  prior  month.  A  total  of  71.86  ac-ft  was  measured  in  August 
1990,  which  was  tiie  second  highest  flow  volume  during  the  water  year.  Total  monthly  water  volume 
decreased  to  22.81  ac-ft  during  September  1990  in  response  to  reduced  amounts  of  precipitation  and 
increased  evapotranspiration  rates.  The  station  received  a  total  of  329.00  ac-ft  (1.07  x  10^  gallons) 
during  the  year.  This  is  equivalent  to  0.17  in.  of  runoff  from  the  watershed  (1.5  percent  of  the 
precipitation  measured  at  the  South  Plants  rain  gage). 
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4.1.11.2.3  Mean  Monthly,  Maximum  Daily  and  Minimum  Daily  Flows 


Mean  mondily  flows  at  First  Credi:  Off-Post  ranged  from  0.00  cfis  in  January  1990  to  a  maximum  of  1.8 
cfs  in  March  1990.  Mean  mondily  flows  wm«  highest  in  late  wintm'  and  mid-summo'.  Maximum  daily 
flows  averaged  approximatdy  flve  times  greater  flian  die  mean  monthly  flows.  Minimum  daily  flows 
were  0.00  cfs  during  Octob^  and  December  1989,  and  January,  Fdiruary,  June,  July  and  August  1990. 
Maximum  daily  flows  ranged  from  0.02  cfs  during  October  1989  to  14.0  cfs  during  August  1990.  A 
monthly  summary  of  daily  minimum,  maximum  and  mean  discharges  for  all  RMA  surface-wiUm’ 
monitoring  stations  during  Water  Year  1990  is  pres^ted  in  Table  4.1-4.  Annual  hydrogrqih  plots  for 
First  Creek  Off-Post  are  illustrated  in  Figure  4.1-23  and  Figure  4.1-34. 

4.1.11 .2.4  Streamflow  Storm  Runoff  Hydrogri^hs 

Stxeamflow  storm  hydrographs  observed  at  RMA  during  Wat»  Year  1990  rqpresmtt  flow  conditions  in 
response  to  precipitation  events  typical  for  this  area  of  Colorado.  Six  high  or  extended  storm  evmits 
(March  5,  6,  1990;  May  29,  30,  1990;  July  7-11,  and  29,  1990;  August  14-20,  1990;  S^tember  17-21, 
1990)  were  analyzed  as  described  iu  Section  4. 1.2.2. 4. 

First  Creek  Off-Post  responded  to  storm  events  differently  throughout  die  year.  Station  response  to  die 
late  winter  storm  was  relativdy  nqpid,  {q>proximately  2  hours,  but  after  an  initial  small  flow  peak  at  8 
hours  and  recession  of  nearly  40  hours,  the  station  exhibited  a  delayed  high  magnitude  response  3  days 
after  the  initial  precipitation.  Streamflow  recession  lasted  for  2  weeks.  Response  to  the  spring  storm 
took  approximatdy  4  hours;  however,  peak  flow  did  not  occur  until  2  days  after  the  onset  of  the 
precipitation  event.  Stream  flow  recession  took  t^proximately  4  days.  The  station  responded  to  the 
extended  event  during  early  summer  in  t^proximateiy  16  hours  after  die  onset  of  precipitation  and  flow 
remained  at  a  relatively  consistent  stage  for  2  days  after  the  storm  had  ended.  Recession  was  rtqiid  and 
took  only  8  hours  for  flow  to  terminate.  Late  July  1990  produced  a  high  magnitude  thunderstorm  and 
the  station  exhibited  peak  flow  within  only  2  hours  and  recession  lasted  approximately  2  days.  Mid¬ 
summer  had  an  extended  storm  event  lasting  7  days.  The  station  did  not  have  a  significant  response  to 
the  storm  until  the  6di  day  when  heavy  rain  produced  a  flow  peak  in  12  hours  followed  by  3  days  of 
recession.  Finally,  the  late  summer  extended  storm  event  did  not  produce  any  discernible  diange  in  flow 
at  the  station. 
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OeiMrally,  First  Credc  Off-Post’s  flow  peaks  occurred  much  later  than  flie  precipitation  peaks  of  a  givoi 
storm  evrat.  The  station’s  ddayed  response  times  are  attributable  to  its  spatial  relation  within  the 
watershed.  Plow  peaks  occur  as  a  result  of  surface-water  runoff  diat  has  a  considerable  lengtii  to  travd 
before  it  reaches  tiie  station.  This  fact  in  conjunction  with  other  factors  such  as  baseflow  conditions, 
storm  proximity,  antecedent  soil  moisture  and  channd  bank  moisture  contmt  all  affect  the  resultant  storm 
hydrograph. 

4. 1 . 12  Basin  A  Gaginq  Station 

Basin  A  is  located  in  the  South  Platte  drainage  basin  and  monitors  baseflow  and  storm  sewer  drainage 
from  the  northwest  side  of  the  South  Plants  area  (Figure  2.3-2).  Stream  stage  is  nmnitored  with  an 
Omnidata  DPI  IS  Datiqiod  (digital)  records  in  conjunction  with  a  Stevras  Type  F  (analog)  recorder  and 
a  Style  C  staff  gage. 

4.1.12.1  Stage  Discharge  Relationships 

The  stage-discharge  relationship  for  Basin  A  is  dqiicted  by  the  station’s  rating  curve,  which  was 
previously  developed  using  the  empirical  laboratory  rating  for  the  structure. 

4. 1 . 12. 1 . 1  Continuous  Stage  Data 

The  discharge  record  for  Water  Year  1990  was  produced  by  converting  the  digital  stage  data  of  the 
DPI  15  Datiqxxl  to  computed  instantaneous  discharge  values  derived  from  the  current  stage-discharge 
relationship.  The  computed  instantaneous  discharge  values  are  then  compiled  and  reduced  to  mean  daily 
discharges.  Flow  was  usually  below  the  reportable  limit  of  0.01  cfs  and,  therefore,  is  r^rted  as  trace 
(T=  >0.00  cfr  but  <0.005  cfs).  Stripcharts  w^e  digitized  by  hand  pniodically  during  the  year  when 
datapod  records  were  inaccurate  or  missing  portions  of  data.  The  majority  of  the  stage  record  for  Watm: 
Year  1990  is  missing  because  a  section  of  concrete  channel  upstream  of  the  station  collapsed,  causing 
flow  to  be  diverted  away  from  the  recorder.  Flow  was  diverted  from  the  station  from  November  1, 
1989,  to  June  21,  1990,  when  the  colls^sed  channel  was  rq)aired.  R^air  of  the  channel  did  not  last  long 
however,  and  subsequently  colliqised  again  on  July  9,  1990,  diverting  flow  the  remainder  of  the  water 
year.  Relative  accuracy  ratings  of  the  daily  mean  discharges  were  determined  for  each  station  based  on 
USGS  standards  as  described  in  Section  4. 1.2. 1.1. 
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The  ocmdnuoiis  stage  record  for  Basin  A  is  considered  good  for  periods  when  flow  dirough  die  station, 
occurred,  hut  poor  for  die  remainder  of  the  year.  Inaccuracies  of  die  stage  record  were  caused  primarily 
by  die  occurrence  of  debris  that  periodically  accumulated  in  die  notch  of  the  wrir. 


4.1.12.1.2  Rating  Curves  and  Equations 

The  methodology  for  rating  curve  development  and  rating  curve  verification  is  described  in  Section 
4.I.2.I.2.  Ihe  stage-disdiarge  relationship  for  Basin  A  was  develi^ed  using  the  mnpirical  laboratory 
rating  for  a  90*  V-notch  weir.  No  instantaneous  discharge  measurements  were  made  during  Water  Year 
1990  to  confirm  the  permanence  of  the  rating  or  to  allow  any  adjustments  to  be  made  to  the  rating 
(Appendix  A-S).  The  radi^  curve  is  considered  fair  wh«i  die  head  is  greater  than  0.20  ft  above  the  V- 
iK^  and  die  n^  is  prevented  from  clinging  to  the  crest  (USBR,  1974).  Note  diat  flows  widi  heads 
less  than  0.20  ft  can  only  be  estimated,  dierefore,  die  rating  is  considoed  poor.  The  rating  curve  for 
Basin  A  is  presmted  in  Appoidix  A-3.2. 

4.1.12.2  Stirfacfr-Watct  HYtologlcX^nditions 

Basin  A  receives  baseflow  and  watershed  runoff  from  the  South  Plants  area  (Table  4. 1-3).  The  drainage 
area  to  die  station  is  0.0S5  sq  miles.  Streamflow  conditions  for  Basin  A  including  mean  monthly 
discharge,  maximum  daily  discharge,  minimum  daily  discharge  and  total  mondily  streamflow  volume 
are  presmited  in  the  following  sections. 

4.1.12.2.1  Streamflow  Characteristics  and  Extrmnes 

Flow  characteristics  at  Basin  A  are  relativdy  constat  widi  only  minor  fluctuations  throughout  the  year. 
Except  for  large  magnitude  storm  events,  precipitation  occurring  on  RMA  has  litde  affect  on  flow  in 
Basin  A.  Usually,  only  trace  flows  occur  at  the  station  at  any  givmi  time.  Due  to  die  stream  bank  Mure 
and  the  subsequent  diversion  of  water  away  from  the  recording  station  for  the  majority  of  the  year,  any 
flow  analysis  of  the  Basin  A  station  would  be  meaningless. 
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4.1.13 


Basin  F  Gachno  Statiw 


The  Basin  F  station  is  located  in  the  South  Platte  drainage  basin  and  monitors  flow  derived  from  surfr^e- 
water  runoff  in  the  former  Basin  F  IRA  area  (Figure  2.3>2).  The  station  is  new  for  Water  Year  1990 
and  was  constructed  in  October  1989.  Stream  stage  is  monitored  with  an  Qmnidata  DPI  IS  Datapod 
(digital)  records  in  conjunction  witii  a  Stevens  F  (analog)  recorder.  The  station  operated  die 
Stevens  l^pe  F  recorder  from  Novembn  1989  and  was  retrofitted  with  the  Qmnidata  DPI  IS  Datapod 
in  late  April  1990. 

4.1.13.1  Stage  Discharge  Relationships 

The  stage-discharge  relationship  for  Basin  F  is  dqiicted  by  the  station’s  rating  curve,  whidi  was 
previously  developed  using  the  enqiirical  laboratory  rating  for  tiie  structure. 

4.1.13.1.1  G)ntinuous  Stage  Data 

During  periods  of  flow  at  Basin  F,  the  water-discharge  record  for  Water  Year  1990  was  produced  by 
digitizing  stripdiarts  and  converting  the  resultant  digital  stage  data  to  computed  instantaneous  discharge 
values  derived  from  the  currmt  stage-discharge  rdationship.  Ihe  confuted  instantaneous  discharge 
values  are  then  compiled  and  reduced  to  mean  daily  discharges.  The  digital  record  of  foe  DPI  IS  Dat{4>od 
proved  unrdiable  and  was  not  used  to  produce  disdiarge  records  during  foe  year.  Rdative  accuracy 
ratings  of  foe  daily  mean  discharges  were  determined  for  eadi  station  based  on  USGS  standards  as 
described  in  Section  4. 1 .2. 1 . 1 . 

The  continuous  stage  record  for  Basin  F  is  considered  good  for  Water  Year  1990  excq)t  for  foe  estimated 
period  which  is  considered  fair.  The  estimated  period  of  record  was: 

•  March  9,  1990. 

The  estimate  was  due  to  an  unexplainable  flow  peak  that  resulted  from  a  moderate  storm  event  occurring 
several  days  earlier. 
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4.1.13.1.2  Rattng  Olives  tod  Equatuos 


The  methodology  for  radng  carve  (tevdopmeot  ami  rating  curve  verification  is  described  in  Section 
4.I.2.I.2.  The  stage-discharge  rating  equations  for  Basin  F  were  devdtqied  using  the  onpirical 
laboratory  rating  table  for  a  200  mm  RBC  fiume.  A  low-flow  extrapolation  was  performed  to  attend  the 
rating  lelationshqi  below  0.0367  cfo  (0.07  ft  of  head).  No  verified  instantaneous  disdiarge  measurements 
and  staff  measuranents  were  made  during  Watn  Year  1990  to  confirm  die  permanence  of  the  rating  or 
to  allow  any  adjustments  to  be  made  to  the  rating.  The  rating  curve  is  considered  good  in  bodi  the 
defined  and  extnqwlated  r^ions.  The  rating  curve  for  Basin  F  is  presented  in  Appendix  A-3.2. 

4.1.13.2  Surface-Water  Hydrologic  Conditions 

Basin  F  recdves  flow  ftom  direct  precipitation  and  natural  watershed  runoff  from  die  former  Basin  F  area 
and  surrounding  area  in  Section  24  (Table  4.1-3).  Streamflow  conditions  for  Basin  F  including  mean 
monthly  discharge,  maximum  daily  discharge,  miniimim  daily  discharge  and  total  mondily  streamflow 
volume  are  presented  in  the  following  sections. 

4.1.13.2.1  Streamflow  Characteristics  and  Extrones 

Flow  at  Basin  F  is  intonuttent  and  only  received  flow  sevmal  times  during  the  water  year.  Exc^t  for 
very  large  magnitude  storm  events,  precipitation  occurring  on  RMA  rardy  produces  flow  at  the  station. 
A  maximum  volume  of  1.31  ac-ft  was  measured  at  die  station  during  Mardi  1990. 

4.1.13.2.2  Annual  Streamflow  Analysis 

Streamflow  at  Basin  F  was  very  low  in  Watm  Year  1990  and  is  illustrated  in  Figure  4.1-13.  Ihe  station 
received  maximum  flow  during  March  1990,  (which  accounted  for  93  pmcoit  of  the  total  flow  at  the 
station  during  Water  Year  1990.  A  total  of  1.41  ac-ft  (4.59  x  10^  gallons)  was  measured  at  the  station 
during  Water  Year  1990. 
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4. 1 . 13.2.3  Mean  Monttly,  Maximum  Daily  and  Minimum  Daily  Flows 

Mean  mondily  flows  at  Basin  F  ranged  from  0.00  cfs  for  most  of  the  year  to  0.02  cfo  during  March 
1990.  The  maximum  daily  flow  was  0.26  cfi  also  during  March  1990.  Hie  miniinmn  daily  flow  was 
0.00  cfs  and  occurred  in  every  month  of  Water  Year  1990.  A  mondily  summary  of  daily  minimum, 
maximum  and  mean  discharges  for  all  RMA  surfsco-water  monitoring  stations  during  Water  Year  1990 
is  presented  in  Table  4.1-4.  Annual  plots  for  fliese  values  are  illustrated  in  Figure  4. 1-24  and  Figure  4. 1- 
35. 

4. 1 . 13.2.4  Streamflow  Storm  Runoff  Hydrognqihs 

The  Basin  F  station  responded  to  three  storm  evoits  during  the  watn  year  (Table  4.1-5).  The  station 
responds  to  storm  events  in  a  manner  that  is  typical  of  natural  watersheds  and  varies  dqiending  on  storm 
magnitude  and  soil  moisture  conditions  at  the  time  of  foe  precipitation  evmit.  The  station  had  a  3-day 
response  time  to  foe  precqiitation  foat  occurred  on  March  5,  1990.  Flow  was  intermittent  afln  foe  flow 
peak  and  recession  took  i^roximatdy  6  days.  This  evoit  was  foe  first  flow  recorded  at  foe  station  and 
appears  to  have  been  in  response  to  snowmdt  runoff  in  conjunction  wifo  a  significant  storm  evmit  when 
antecedent  soil  moisture  content  was  high.  Storm  response,  peak  and  recession  of  foe  July  29,  1990, 
event  took  qiproximately  2  hours.  This  response  is  indicative  of  foe  high  runoff  rate  foat  results  from 
a  very  short  duration/bigh  magnitude  foundershower,  typical  of  Colorado  weafoer  during  foe  early 
summer.  In  August  1990  an  extended  storm  pioduced  a  similar  hydrognq>h  at  Basin  F;  howevn,  foe 
response  did  not  occur  until  5  days  aftw  foe  onset  of  precipitation.  This  response  q>pears  to  have  been 
caused  in  part  by  low  antecedent  soil  moisture  conditions  in  foe  watershed  prior  to  foe  storm  event.  After 
several  days  of  steady  precipitation  foe  ground  became  saturated  and  runoff  to  foe  station  occurred  for 
a  short  time  period. 

4. 1 . 14  Streamflow  Inflow/Outflow  Comparison 

Surface-watm*  inflow  from  off-post  sources  mtm's  RMA  via  Havana  Interc^tor,  Peoria  IntN'c^tor, 
Uvalda  Intercq>tor,  Hi^ine  Lat^al  and  First  Cre^.  The  inflow  sources  encompass  a  total  drainage 
area  of  q>proximatdy  40  sq  mi,  not  including  foe  Highline  Latnal  drainage  area.  The  maximum  monthly 
surface-water  inflow  volume  was  778.75  ac-ft  ^.54  x  lO®  gallons)  during  S^tember  1990.  The 
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mfainwim  moa^  iiiflow  vohune  was  61.91  ao^  (2.0  x  10^  gallmis)  during  October  1989.  A  nimmaiy 
of  monttily  inflow  vohmies  RMA  fnun  these  sources  is  illustrated  in  Table  4.1-6. 

SurfiMO-water  exits  RMA  via  First  Creek  in  Sectkm  24.  Outflow  is  oieasured  at  the  Sewage  TreatmeiX 
Plant  and  at  die  Nordi  First  Credc  monitoring  station.  The  maximum  surface-water  outflow  volume  was 
measured  in  March  1990  and  totaled  155.58  ac-ft  (5.07  x  IQi^  gallons)  during  Deceod>er  1989.  Outflow 
volumes  ate  summarized  in  Table  4.1-7. 

The  total  vohime  of  water  entering  RMA  via  Havana  Interceptor,  Peoria  Interceptor,  South  Uvalda, 
Hi^ine  Lateral  and  South  First  Creek  was  4524.71  ac-ft  (1.47  x  10^  gallons).  However,  the  volume 
of  water  flowing  off-post  was  only  419.85  ac-ft  (1.37  x  lO*  gallons).  The  inflow  volume  of  water 
exceeds  die  outflow  volume  ipproximately  11  times.  A  comparison  of  inflow  and  outflow  volumes 
measured  during  Water  Year  1990  is  presented  in  Figure  4.1-36. 

4.1.15  Lake  AND  P»n>  Trends  AND  Extremes 

Soudi  nant  Lakes  and  Havana  Pond  storage  volumes  have  been  calculated  for  Water  Year  1990  using 
area/stage  rdationships  established  by  previous  contnaxors  (Ebasco  Snvices,  Inc.,  et  al.,  1989a).  These 
water  bodies  are  all  located  in  die  Irondale  Gulch  Drainage  Basin,  but  the  storage  volumes  from  Lake 
Mary  have  not  beoi  established  and  cannot  be  presented  because  die  lake  area  has  never  been  surveyed. 
In  the  Water  Year  1989  r^ct,  previously  established  and  surveyed  stage/devation  information  did  not 
correspond  to  die  Water  Year  1989  surv^  information  that  was  con^iled  for  the  Surfrtte-Water  CMP. 
All  devation  data  in  the  Water  Year  1990  rqiort  is  rderenced  to  the  newer  stage/elevation  information 
from  die  Surface-Water  CMP  1989  surv^  used  in  die  RLSA  Surface-Water  CMP  FY89  rqiort  (Appendix 
A-1.1).  Net  average  volumes  woe  calculated  for  eadi  watw  body  based  on  previously  detmnined 
elevation/volume  rdationships  with  the  revised  stage/devation  rdationships  presmted  in  die  FY89  report. 
Av^age  net  volumes  for  each  watn  body  woe  detnmined  for  die  weeks  with  sufficient  data.  The  lakes 
and  Havana  Pond  are  typically  frozmi  or  bdow  gage  in  Decmnbor,  January  and  February,  hence  diere 
are  sevoal  wedcs  with  no  volume  calculations. 

Estimated  precipitation  and  evi^ration  volumes  w^e  calculated  by  multiplying  the  avwage  mondily 
lake/pond  areas  by  the  precipitation  or  evaporation  dqidi  in  feet  to  yield  an  acre-feet  value.  Table  4. 1-8 
summarizes  average  storage  volumes  for  die  South  Plants  Lakes  and  Havana  Pond. 
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Summary  of  Kfondily  biflow  Volume  from  Off-Poit  Sources 
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Td>le  4.1-8  Avenge  Stonge,  PcectoitatioQ  and  Evapontion  Volumes  for  Soudi  Plants  Lakes  and  Havana 
Pond,  Water  Year  1 W 


Average 

Avenge 

Monfli 

Stonge  Volume 

Stonge  Volume 

Precipitation 

Evumration 

(ac-fl) 

Colons) 

(ac-ft) 

(ac-ft) 

Lower  Derl^  Lake 


October 

275.38 

89,602,975 

3.59 

19.03 

November 

278.70 

90,906,291 

0.67 

12.03 

February 

244.90 

79.828,105 

2.29 

3.74 

Match 

248.80 

81,131,421 

12.99 

6.71 

April 

247.50 

80.642.678 

4.22 

13.37 

244.66 

79.717.323 

6.26 

26.00 

June 

232.70 

75.820.408 

0.85 

40.28 

July 

226.82 

73,904,534 

14.21 

30.74 

August 

228.05 

74,305,303 

7.83 

30.80 

Se^ember 

234.30 

76,341,735 

5.89 

25.72 

*10  Month  Average  246.18  80,212,583  5.88  20.84 


Ladora  Lake 


Octobtf 

280.10 

91,264,703 

3.53 

18.75 

Novonber 

287.00 

93,512,923 

0.67 

11.99 

March 

315.28 

102,730,000 

14.71 

7.59 

April 

Mf^ 

305.25 

99,377,845 

4.68 

14.83 

279.52 

91,075,722 

6.57 

27.30 

June 

298.45 

94,243,665 

0.96 

45.36 

July 

311.82 

101,600,000 

16.81 

36.35 

August 

270.68 

88,195,394 

8.33 

32.79 

Sqptnabtt 

328.18 

106,930,000 

.13 

31.12 

*9  Month  Average 

297.36 

96,888,511 

7.04 

25.12 

*  Diffinrmices  in  monfos  are  due  to  early  freezing  or  below  gage  stages  reflected  by  individual  lakes. 
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Tlride  4.1-8  Avann  Stonae,  PnctobiMlon  ud  Evtpontk»  Volumes  for  Sootili  PUnts  Lakw  and  Hsvm 
Pond,  Watar  YW  19M  (ooidiinied) 


Mondi 

Average 
Storage  Volume 
(•c-ft) 

Average 

Storage  Volume 
(gallons) 

Precipitation 

(ac-ft) 

Evaporadon 

Havana  Pond 

Octi^ 

18.05 

5.881,214 

0.79 

4.22 

November 

11.18 

3.642.768 

0.11 

2.02 

Fbbruaty 

11.72 

3.818.716 

0.43 

0.70 

Mttdi 

35.68 

11.625.579 

4.49 

2.32 

Anril 

li^ 

22.29 

7.262.728 

1.14 

3.62 

23.23 

7.569.008 

1.70 

7.06 

June 

25.97 

8.461.779 

0.26 

12.35 

July 

39.30 

12.805.080 

5.54 

11.97 

August 

47.81 

15.577.884 

3.45 

13.56 

Sq^eniber 

33.86 

11.032.570 

2.10 

9.16 

*10  Mondi  Average  26.91 

8.768.058 

2.00 

6.70 

Derby  Lake 


March 

15.70 

5.115.515 

2.69 

1.39 

April 

May 

13.40 

4,366.109 

0.80 

2.52 

56.60 

18,441,921 

2.91 

12.07 

June 

187.15 

60,978,897 

0.91 

43.15 

July 

217.38 

70.828,708 

16.77 

36.27 

August 

241.88 

78.811,519 

9.78 

38.47 

Sej^mnber 

222.98 

72,653,350 

6.95 

30.33 

*7  Mondi  Average 

136.44 

44,456,109 

5.83 

23.46 

*  Diffecoices  in  mondis  are  due  to  early  freezing  or  below  gage  stages  reflected  by  individual  lates. 
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4.1.15.1  HavamFgDd 


Based  on  die  Water  Remedial  Investigation  (Ebasco  Services,  bic.,  et  al.,  1989)  storage  volume 
information,  the  average  storage  volumes  for  Havana  Pond  ranged  from  a  low  of  7. 15  ac-ft  in  December 
to  a  high  of  63.58  ac-ft  in  August  (Appendix  A'9,  Table  A-9.5).  During  moit  of  December  1989  and 
January  1990diepondwater  was  bdow  gage  and/or  frozoi,  and  storage  volumes  could  not  be  calculated. 
The  average  mondily  net  storage  volume  for  die  lO-mondi  record  of  no  solid  fireeang  on  die  pond  was 
26.91  ac-it  or  8,768,068  gallons  (Table  4.1-8,  Figure  4.1-37).  No  water  was  ideased  to  Sand  Creek 
Lateral  from  Havana  Pond  in  Water  Year  1990. 

The  storage  volume  rdationship  for  Havana  Pond  appears  to  be  erroneous  when  comparing  inflow 
volumes  for  Havana  and  Peoria  Interceptors  (Table  4.1-6).  In  March  1990,  there  was  a  total  of  245.8 
ac-ft  of  inflow  dirough  diese  interceptors  which  dbcharge  into  Havana  Pond.  Hiis  creates  a  water 
balance  problon  at  Havana  Pond  because,  based  on  weekly  staff  gage  readings  whidi  are  used  in  die 
storage  volume  table  (Ebasco  Services,  Inc.,  et  al.,  1989a),  die  pond  averaged  only  35.68  ac-ft  in  Mardi 
1990.  Havana  Pond  has  a  high  infiltration  rate  but  it  is  unlikdy  that  this  mudi  water  is  infiltrating. 
Based  on  field  observations,  it  ^ipears  that  the  pond  has  a  greater  average  depth  dian  diat  used  in  die 
storage  volume  calculations,  which  could  be  giving  erroneously  small  storage  volume  values  for  Havana 
Pond. 


4.1.15.2  Upper  Derby  Lake 


Uppa  Derby  Lake  had  large  volume  fluctuations  in  Watn  Year  1990.  Water  from  Upper  Derby  Lake 
can  be  rdeased  by  Army  personnd  into  Lower  Derby  Lake  through  a  culvet  diat  stretches  under  the 
Lakes  Road.  When  Upper  Derby  Lake  readies  a  staff  gage  of  ^roximately  6.80  ft,  water  is  spilled  into 
Eastern  Upp»  Derby  Lake  dirough  a  culvwt  und^  E  Street.  Throu^out  most  of  July,  August  and 
Sqitember  1990,  Eastern  Ui^ier  Derby  Lake  was  at  a  high  stage,  taking  in  a  large  volume  of  water  from 
Highline  Latnal.  Only  minor  amounts  of  Upper  D^y  Lake  water  could  be  released  to  Lower  Derby 
Lake  during  die  construction  of  the  new  Loww  D^y  Lake  spillway.  This  caused  a  large  volume  of 
water  to  spill  into  Eastern  Upp^  Derby  Lake.  Thwe  is  no  staft  gage  at  Eastern  Upp^  Derby  Lake,  but 
whei  Upper  Derby  Lake  reaches  a  staff  gage  reading  of  qiproximately  9.0  ft,  Eastmi  Upper  Derby  Lake 
will  begin  to  spill  ov^  into  a  ditdi  on  its  northwest  bank.  The  ditdi  runs  a  nordieast  course  until  it 
cormects  with  First  Creek  t^proximately  1  mile  away.  Several  disdiarge  measurmnmits  were  takra  in 
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July  1990  wlMce  the  lake  q>illa  over  into  the  ditdi  and  near  the  confluence  of  die  dttdi  and  Pint  Credk, 
where  a  new  sanqiling  location  station  (SW06002)  was  surv^ed.  Flow  rates  were  qiproxunately  0.29 
gpm  to  0.S7  gpm  at  the  site  where  Eastern  Uppa  Derby  Lake  water  eotm  die  ditdi.  Near  die 
conflumce  of  the  ditch  and  First  Creek,  flow  rates  ranged  from  0.02  gpm  to  0.07  gpm  indicating  a  net 
loss  of  surface-watn  to  ground-wator  as  water  flows  throu^  the  ditch.  /  rough  estimate  of  die  volume 
of  lake  watw  that  eventually  entered  First  Creek  nmged  from  2,000  gal  to  7,500  gal  during  this  period. 
Average  weddy  storage  volumes  for  Upper  Derby  Lake  ranged  from  a  minimum  of  3.70  ac-ft  in 
November  1989  to  a  maximum  of  29 1.60  ac-ft  in  September  1990(AppaidbiA-9,  Table  A-9.2).  During 
most  of  October  1989  through  Fdiruary  1990,  Uppa  Derby  Lake  was  below  gage  and/or  frozen; 
therefore,  storage  volumes  could  not  be  accurately  calculated.  The  average  mondily  net  storage  volume 
for  die  7-moadi  record  was  136.44  ac-ft  or  44,456,109  gallons  (Table  4.1-8,  Figure  4.1-38). 

4.1.15.3  Lower  Derby  Lake 

During  the  summer  months  of  Water  Year  t990,  Low^  Dohy  Lake  was  maintained  at  a  low  volume  due 
to  the  construction  of  a  spUlway  on  its  northwest  bank  and  reinforcement  work  on  its  western  dam.  The 
lake  was  filled  to  a  gage  reading  of  16.8  ft  on  September  28,  1990,  to  test  die  spillway.  Lower  Doby 
Lake’s  average  weekly  storage  volume  ranged  from  a  low  of  199.(X)  ac-ft  in  early  S^tonber  1990  to  a 
high  of  293.30  in  October  1989  (Appaidix  A-9,  Table  A-9.3).  During  most  of  Decembw  1989  and 
January  1990,  the  lake  was  frozen,  and  storage  volumes  could  not  be  accurately  calculated.  The  average 
monthly  net  storage  volume  for  the  lO-month  record  of  no  freezing  on  the  lake  was  246.18  ac-ft  or 
80,212,583  gallons  (Table  4.1-8,  Figure  4.1-39). 

4.1.15.4  Ladora  Lake 

The  storage  water  at  Ladora  Lake  is  derived  primarily  from  Lowm-  Derby  Lake  via  Ladora  Weir  and 
secondarily  from  Havana  Pond  via  Sand  Creek  Lateral.  During  Water  Year  1990,  no  watm'  was 
dischvged  into  Sand  Creek  Lateral  downstream  of  Ladora  Weir,  and  in  most  of  July  and  August,  water 
was  not  discharged  into  Ladora  Lake  dirough  Ladora  Weir  due  to  construction  aaivity  at  the  weir.  A 
spillway  was  completed  on  the  west  side  of  the  lake  in  the  Fall  1989.  The  spillway  was  designed  to 
handle  overspill  at  a  stage  of  12.8  feet.  Avnage  weekly  net  storage  volumes  at  Ladora  Lake  ranged  from 
a  minimum  of  246.90  ac-ft  in  early  June  to  a  maximum  of  346.80  ac-ft  in  late  June  (Appendix  A-9,  Table 
A-9.4).  In  most  of  Decwnber  1989,  January  1990  and  February  1990,  the  lake  was  frozen,  and  storage 
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volumes  could  not  be  accurately  calculated.  The  average  monthly  net  storage  volume  for  foe  9-monfo 
record  of  no  solid  freezing  on  foe  lake  was  297.36  ac-ft  or  %,888,S11  gallons  CTable  4.1-8,  Figure 
4.1-40). 


4.1.15.S  Lake  Mary 

Stage  at  Lake  Mary  is  monitored  weddy  from  observed  staff  gage  readings.  Lake  Mary’s  watn  is 
derived  from  Ladora  Lake.  Storage  volumes  are  not  calculated  h»e  because  foe  lake  area  has  neva  been 
surveyed.  Water  levds  at  Lake  Mary  ranged  from  0.08  ft  in  Fd)ruary  1990  to  1.02  ft  in  May  and  July 
1990. 

4.1.16  Sbwaob  Treatment  Plant  Trbnds  AND  EvrRBMBs 

Water  discharge  from  foe  Sewage  Treatment  Plant  (STP)  originates  from  treated  wat^  that  is  used  on 
RMA.  The  water  is  discharged  from  a  6-in.  PVC  pipe  into  a  plastic-lined  channd  which  leads  to  First 
Creek.  The  discharge  wato-  from  foe  plant  is  monitored  daily  by  Army  porsonnd  and  observed  routindy 
by  RLSA  personnd.  Disdiarge  records  are  summarized  in  Table  4.1-9  and  presented  in  detail  in 
Appendix  A- 10. 

A  total  of  6,485,700  gal  of  water  was  discharged  from  foe  STP  during  Wat^  Year  1990  (Table  4. 1-9). 
The  monthly  discharge  varied  from  a  minimum  of  351,900  gal  during  Fd)ruary  to  a  maximum  of 
831,8(X)  gal  in  July.  The  av^age  monfoly  disdiarge  for  Water  Year  1990  was  540,475  gal  (17,728  gal 
per  day).  A  minimum  of  66,1(X)  gal  was  recorded  during  foe  week  of  Mardi  3,  1990,  and  a  maximum 
of  214,7(X)  gal  was  recorded  during  foe  wedr  of  July  14,  1990  (Appendix  A-10).  A  graph  displaying 
total  weekly  and  cumulative  weekly  disdiarge  data  from  foe  sewage  treatmmit  plant  (STP)  figure  4.1-41) 
shows  a  fluctuating  monthly  record  with  goierally  hi^er  values  in  foe  summer  months. 

4.2  Surface-Water  Quality  Results 

The  results  of  foe  CMP  Water  Year  1990  surface-water  quality  monitoring  program  are  presented  in  this 
section.  Results  are  segregated  into  foe  following  major  categories  for  discussion:  (1)  target  organic 
compounds,  (2)  nontarget  organic  compounds,  (3)  trace  inorganic  constituents,  (4)  field  parameters,  and 
(5)  major  inorganic  constituents.  Table  3.2-1  lists  foe  sites  from  whidi  surface-water  samples  were 
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Tdde  4.1-9  Sewage  Treatmeot  Plant  Monthly  Flow  Sununariea,  Water  Year  1990 


Month 

Mondily 

Total 

(gallons) 

Mondily 

Total 

(acre-fee^) 

Daily 

Avwage 

(gpd) 

Daily 

Average 

(gpm) 

October 

546.400 

1.68 

17.626 

12.24 

November 

419.300 

1.29 

13,977 

9.71 

Decembtf 

360.700 

1.11 

11,635 

8.08 

January 

457.600 

1.40 

14,761 

10.25 

February 

351.900 

1.08 

12,568 

8.73 

March 

587.300 

1.80 

18,945 

13.16 

April 

May 

537.700 

1.65 

17,923 

12.45 

481.300 

1.48 

15,526 

10.78 

June 

624.200 

1.92 

20,807 

14.45 

July 

831.800 

2.55 

16,832 

18.63 

August 

727.500 

2.23 

23,468 

16.30 

Sq>tmb«r 

560.000 

1.72 

18,667 

12.96 

AVERAGE  FOR  YEAR 

540,475 

1.66 

17,728 

12.31 

TOTAL  FOR  YEAR 

6,485,700 

19.90 
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collected  duriii^  Water  Year  1990.  Table  3.2-2  summarizes  analytical  mediods  and  certified  reporting 
limits  (CRLs)  tiiat  wtn  used  by  Data  CSion  and  ESE  laboratories.  An  evaluation  of  quality  control 
samples,  including  blanks,  duplicates,  and  confirmatory  analyses,  is  provided  in  Section  4.5. 

4.2.1  Surfacb-Watbr  Qualfty  Program  Overview 

The  CMP  Water  Year  1990  program  for  analysis  of  a  target  list  of  organic  and  inorganic  chmnical  species 
is  described  in  the  CMP  Surface-Water  Technical  Plan  (RLSA,  1989).  This  list  indudes  organic 
compounds,  major  inorganic  constituents,  trace  inorganic  constituents,  and  field  parameters.  Gas 
chromatography/mass  spectrometry  (GC/MS)  analyses  were  performed  on  sanqiles  of  surface-water 
inflows  to  the  south  and  soutiieast  boundaries  of  RMA  and  a  sample  of  tiie  outflow 
from  RMA  in  First  Credt.  Several  other  surface-water  sanqiles  were  randomly  sdected  for  GC/MS 
confirmatory  analyses.  The  purpose  of  the  GC/MS  program  was  to  confirm  results  for  analytes  reported 
by  GC  metbods  and  to  furthw  charactnize  the  quality  of  surface  water  at  RMA  by  identifying  the 
presoice  of  nontarget  conqiounds.  Analytical  results  r^rted  include  tiiose  listed  in  Appendix  B. 
Analytical  results  are  included  for  27  samples  collected  during  die  spring,  22  collected  during  high 
events,  and  13  collected  during  die  fall. 

Sqiarate  discussions  are  presented  for  (1)  target  organic  compounds,  (2)  nontarget  organic  compounds, 
(3)  trace  inorganic  constituents,  (4)  field  paramders,  and  (5)  major  inorganic  constitumits  for  eadi 
drainage  basin.  Trace  inorganic  constitumits,  as  defined  herein,  are  constitumits  reported  at 
concmitrations  generally  less  than  0.1  milligrams  pw  liter  (mgfi).  Major  inorganic  constitumits  are 
constiturats  reported  at  concmitrations  generally  greater  than  0.1  mg/1.  Calculations  for  carbonate  and 
bicarbonate  concmitrations  and  an  ion  balance  analysis  are  included  in  die  major  inorganic  constituent 
discussion. 

4.2.2  Occurrence  of  Target  Organic  Compounds 

The  occurrences  of  target  organic  compounds  are  presented  in  this  section.  The  target  organic 
compounds  for  this  study  have  been  grouped  according  to  the  method  of  analysis  and  are  listed  in 
Table  4.2-1 .  The  concmtrations  r^rted  in  the  following  sections  are  concentrations  that  exceeded  die 
Certified  Reporting  Limit.  Table  4.2-2  provides  a  tabulated  summary  of  the  occurrence  of  target  organic 
compoumls,  including  the  san^ling  locations  within  the  RMA  drainage  basins,  sampling  event,  target 
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4.2-1  CMP  SttrfMe-Witar  List  of  Target  Ckgsoic  Confounds  by  Mediod 


Volatile  Organohalogen  Method 

1.1- Didtloroeduaie 

1.1- Didilocoetiieiie 

1 . 1 . 1 - Trichloroetiiane 

1 . 1 .2- Tiridiloioetiiane 

1 .2- DidiloiDetiiaiie 

1 .2- Dichloioetiiene 
Otfbon  tetradiloride 
Chlorobeozeae 
Chlorofbmi 
Metiiyleoe  diloride 
Tetn^oroetfaene 
Trichloroetbeoe 


OrgMiPciilorins.P«ticidc  Mgfaod 

Aldrin 

Chlordane 

Dieldrin 

Endrin 

Hexaddorocyclopeatadieiie 

bodrin 

2.2- Bis^aradilot^ewl)-l ,  1- 
didiloroetiieoe  ^DDl^ 

2.2- BuO[>araclilor^e^>-l,l,l- 
trichloroedume  CPPDuT) 

Hydrocarbon  Method 


Volatile  Aromatic  Method 

Benzene 
Ethylbenzene 
Tolttoe 
Xylene  (m) 

Xyloies  (o,p) 

Organosulfar  Compound  Method 

1,4-Dithiane 

l,40xathiane 

Benzotiiiazole 

Dunediyldisulfide 

p-Chloropho^lmediylsulfone 

p-Chlorophenylmetiiylsulfbxide 

p-^otx^her^lmediylsulfide 


Dicydiopeotadieoe  O^KIPD) 
Memylisobu^ketone  ^DBK) 
Bicydoheptaoiene  (BQIPD) 


OrgaBOPhasphonig  EKtigidfis.  Cowpgwid 

Method 

Atrazine 

Malatiiion 

Paratiiion 

Supona 

Vapona 


PhosphorntteMfifligd 

D^^^^ylmetiiylphosphonate 

Dinwtiiylmetiiylphosphonate 

(DMMP) 

DBCP  Method 


Dibromodiloropropane  (DBCP) 


Table  4.2-2  Occurrences  of  Target  Organic  Compounds  in  Surftce-Water  SampleB,  Water  Year  1990 


San^>ling 

Locmon 

Sampling 

Event* 

Target 

Compound 

Concoitration 

(Itgn) 

Itondalc  Qulch  Prainaw  Basin 

SW01002 

Spring 

CL6CP 

0.317 

Diddrin 

0.149 

DMMP 

0.679 

Bndrin 

0.213 

PPDDE 

0.227 

PPDDT 

0.189 

Paralhion 

35.3 

High  Event  1 

Aldrin 

0.914 

March  13.  1990 

Atrazine 

74.7 

BTZ 

7.73 

CCL4 

1.87 

CHCL3 

n.6 

CL6CP 

1.06 

CPMS 

8.47 

CPMSO 

258 

CPMS02 

79.0 

DBCP 

201 

DIMP 

3.14 

Diddrin 

4.96 

DMMP 

1.86 

Endrin 

2.34 

Isodrin 

1.20 

PPDDE 

0.313 

Parathion 

69.7 

Supona 

1.93 

TGLEE 

6.69 

SW01004 

Spring 

Aldrin 

0.0936 

Chlordane 

0.211 

DIMP 

0.978 

SW02006 

Spring 

CHCL3 

5.76 

SWllOOl 

Spring 

Atrazine 

8.10 

Diddrin 

0.138 

High  Event  1 

Atrazine 

11.2 

March  6,  1990 

Dieldrin 

0.0583 

Isodrin 

0.0777 

Vapona 

0.718 
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Triile  4.2p2  Oocynmoes  Tvget  Orfanic  OMqxNUds  ia  SurfiKo-Water  Saiiq>lM,  Water  Year  1990  (oontmued) 


Saiii(ding 

Location 

Sampling 

Event* 

Target 

Compound 

Concentradon 

OigA) 

Itondale  Gulch  Drain«ge  Baain  (continued) 

SWllOOl  (continued) 

High  Event  2 

Atrazine 

22.1 

Match  13.  1990 

CL6CP 

0.0685 

Diddrin 

0.07% 

Fall 

12DCE 

14.4 

TCLEE 

14.8 

TRCLE 

14.3 

SW110Q2 

Spring 

Atrazine 

10.2 

Chlordane 

0.293 

PPDDT 

0.0880 

High  Event  1 

Atrazine 

13.1 

March  6.  1990 

CHCU 

2.45 

High  Event  2 

Atrazine 

79.7 

March  13,  1990 

CL6CP 

0.0731 

PPDDE 

0.305 

Parathion 

1.33 

Hi^  Event  3 

lllTCE 

4.82 

July  9,  1990 

SW12004 

Spring 

Chlordane 

0.418 

Endrin 

0.0787 

PPDDT 

0.0674 

SW12005 

High  Evoit  2 

Aldrin 

0.0914 

March  13,  1990 

Atrazine 

5.26 

High  Evrat  3 

Atrazine 

11.4 

March  28,  1990 

CLOCP 

0.104 

SW12006 

High  Event 

CL6CP 

0.566 

July  21,  1990 

SW12007 

Spring 

DIMP 

0.521 
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Table  4.2-2  Oocurtenoes  of  Target  Organic  Compounds  in  SurfiKe-Water  Samples,  Water  Year  1990  (continued) 


San4>ling 

.Sampling 

Target 

Concentration 

Location 

Event* 

Compound 

First  Creek  Drainaze  Basin 


SW24001 

Spring 

Aldrin 

0.0703 

SW24002 

Hi^  Event 

March  9,  1990 

Aldrin 

0.0880 

SW24003 

Spring 

DIMP 

1.65 

SW30002 

Spring 

CHCU 

0.764 

SW37001 

High  Event  1 

Atrazine 

9.43 

Nov.  29,  1989 

Chlordane 

0.236 

DCPD 

48.4 

DIMP 

160 

TCLEE 

0.878 

Spring 

Chlordane 

0.319 

DCPD 

12.9 

DIMP 

38.5 

Hi^  Evoit  2 

March  9,  1990 

DIMP 

14.1 

Fall 

Atrazine 

12.2 

DCPD 

19.5 

DIMP 

124 

Endrin 

0.230 

Paradiion 

1.35 

South  Platte  Drainaae  Basin 

SW26001 

Hi^  Evmt  1 

March  13,  1990 

Endrin 

0.311 

High  Evoit  2 

Diddrin 

0.734 

August  19,  1990 

Endrin 

0.284 

SW36001 

Spring 

112TCE 

1.16 

IIDCE 

4.63 

12DCE 

15.1 

Aldrin 

0.783 

Atrazine 

39.1 

BCHPD 

22.1 

C6H6 

44.8 

CHCU 

198 

CL6CP 

0.258 

CLC6H5 

993 

DBCP 

15.2 
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TaUe4.2-2  OocuRcooe8ofTargecOrgaiikCoii90iiQdsmSur£Me<WitterSanq>les,  Water  Year  1990  (oouiiBied) 


Sanofiling  Saii^>liiig  Target  Concemration 

Location  Event*  Compound  Otg/1) 


South  Platte  Drainage  Basin  (continued) 
SW36001  (continued)  Spring 


Fall 


DCPD 

47.8 

Diddrin 

2.13 

DMMP 

1.31 

Endrin 

0.171 

ETC6H5 

65.2 

Isodrin 

0.935 

ME06HS 

16.7 

MIBK 

783 

PPDDE 

0.195 

PPDDT 

0.561 

Parathion 

61.5 

Supona 

TOiE 

5.84 

78.2 

TRCLE 

42.7 

XYLEN 

75.0 

IIDCE 

2.08 

12DCE 

9.02 

Aldrin 

1.02 

Atrazine 

7.12 

C6H6 

3.96 

CHCL3 

92.8 

CL6CP 

0.0718 

CLC6H5 

327 

CPMSO 

17.0 

CPMS02 

194 

DBCP 

5.43 

DCPD 

20.4 

Diddrin 

3.99 

DMMP 

0.771 

Endrin 

1.39 

ETC6H5 

16.1 

Isodrin 

0.516 

MEC6H5 

3.23 

Parathion 

43.2 

Supona 

T<XEE 

11.6 

34.5 

TRCLE 

15.3 

XYLEN 

29.6 

*  Spring  =  April  12  through  April  19,  1990 
Fall  =  S^tmnber  4  t^u^  Sq>t«nber  7,  1990 

/tg/1  =  micrograms  per  litn 
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OTgank  con^xniod  rqwrted  and  concentration.  A  geografdiical  representation  of  tbe  target  organic 
con^wund  concosttations  by  drains^  basin  is  provided  in  Figures  4.2-1,  4.2-2,  and  4.2-3.  TIm 
following  discussions  sununarize  the  analytical  results  by  method  and  san4>ling  eveid  for  all  sanq>le 
results  foat  met  CMP  Quality  Assuranoe/Quality  Control  (QA/QQ  requirements.  A  discussion  of  the 
QA/QC  protocol  and  a  summary  of  die  rejected  data  are  provided  in  Section  4.5. 

4.2.2. 1  Volatile  Organohalogens 

Compounds  in  die  volatile  organohalogen  gtotqi  are  listed  as  follows: 

1.1.1- Trichloroethane  (lllTCE) 

1.1.2- Trichloroediane  (112TCE) 

1.1- Dichloroediane  (IIDCLE) 

1.1- Dichloroethene  (IIDCE) 

1.2- Dichloroediane  (12DCLE) 

1.2- Didiloroethmie  (12DCE) 

Carbon  tetrachloride  (CCL4) 

Chlorobenzene  (CLC6H5) 

Chloroform  (CHCL3) 

Methylene  diloride  (CH2CL2) 

Tetrachloro^ene  CTCLEE) 

Trichloroethene  (TRCLE) 

The  analytical  results  for  volatile  organohalogens  are  summarized  bdow. 

Volatile  organohalogens  at  concentrations  exceeding  the  CRLs  wm  reported  in  three  samples  collected 
during  the  spring  sampling  evoit.  The  compounds  112TCE,  IIDCE,  12DCE,  CLC6HS,  CHCL3, 
TCLEE,  and  TRCLE  were  rqxirted  in  one  sample  collected  Irom  the  South  Platte  drainage  basin 
^asin  A;  SW36001).  The  concoitrations  of  these  compounds  were:  1.16  micrograms  per  liter  (jig/L) 
of  112TCE,  4.63  ngfL  of  IIDCE,  15.1  ngfL  of  12DCE,  993  iigfL  of  CLC6H5,  198  /tg/L  of  CHCL3, 
78.2  ftg/L  of  TCLEE,  and  42.7  fig/L  of  TRCLE.  CHCL3  was  r^rted  in  one  sample  collected  from 
the  First  Creek  drainage  basin  in  First  Credt  near  Nordi  Plant  (SW30002;  0.764  /ig/L)  and  one  sample 
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collected  irom  tte  Iroodate  ObIcIi  dnfaieffe  betlo  ftom  South  PUdB  eteem  efflueot  ditch  ^W02006; 
S.76  iigfL). 


Volatile  organcdialogais  at  conceatratioiia  exceeding  die  CRLs  were  rqioited  present  in  two  samples 
collected  during  die  hdl  san^ling  event.  The  compounds  IIDCB,  12DCE,  CLC6HS,  CHCL3,  TCLEE, 
and  TRCL£  were  reported  preamd  in  one  sample  odlected  from  die  Soudi  Hatte  drainage  basin  (Basin  A; 
SW36001).  The  conceittnttioos  of  these  conqiounda  were  2.(tt  |ig/L  of  IIDCE,  9.02  |tg/L  of  12DCE, 
327  itg/L  of  CLC6H5,  92.8  /tg/L  of  CHCU,  34.5  /ig/L  of  TCLEE,  and  15.3  /tg/L  of  TR(XE.  The 
conqKHinds  12DCE  (14.4  /tg/L),  TCLEE  (14.8  ^g/L),  and  TRCLE  (14.3  ngfL)  were  reported  present 
in  one  san^le  collected  from  die  Irondale  Guldi  drainage  basin  in  Peoria  Intercqitor  (SWllOOl). 

Volatile  organohalogens  at  concentrations  exceeding  die  CXlLs  were  repotted  present  in  three  samples 
collected  during  hi|^  event  sanqtling.  1 1 ITCE  (4.82  ftg/L)  was  reported  present  in  the  Irondale  Ghilch 
drainage  basin  at  the  Havana  Interoqitor  ^W11002;  July  9,  1990).  CH(X3  ^.45  /tg/L)  was  reported 
present  in  one  sample  collected  from  the  Irondale  Guldi  drainage  basin  at  die  Havana  Interceptor 
(SW11002;  Match  6,  1990).  Tlie  compounds  CCU  (1.87  Mg/L),  CHCU  (72.6  ng/L),  and  TCLEE 
(6.69  itg/L)  were  reported  presmit  in  a  sample  collected  from  die  Irondale  Gulch  drainage  basin  in  the 
Soudi  Plants  Water  Tower  Pond  (SW01002;  March  13,  1990).  ITie  conopound  TCLEE  (0.878  ng/l)  was 
reported  present  in  a  sample  collected  from  die  First  Oeek  drainage  basin  at  First  Creek  Off-Post 
(SW37001;  November  29,  1989). 

4.2.2.2  Volatile  Aromatics 

Conqxiunds  in  die  volatile  aromatic  group  are  listed  as  follows; 

Benzene  (C6H6) 

Ethylboizene  (ETC6H5) 
m-Xylene  (13DMB) 

Tolume  (MEC6H5) 

Xyloies  (o,p)  (XYLEN) 

The  analytical  results  for  volatile  aromatics  are  summarized  below. 

- 149- 

SWAlt-90.4 
Rav.  02/27/92 


Volatile  aromatic  compounds  at  concentrations  exceeding  dm  CRLs  were  rqwrted  present  in  one  sanq>le 
collected  during  dm  spring  sanqilmg  event.  Hw  compounds  C6H6  (44.8  jig/L),  ETC6HS  (6S.2  /tg/L), 
MEG6HS  (16.7  Mg/L),  and  XYLEN  (7S.0  /tg/L)  were  reported  present  in  one  sample  collected  from  the 
Soudi  Platte  drainage  basin  at  Basin  A  (SW36(X)1). 

Vdatile  aromatic  conqxmnds  at  concentrations  exceeding  die  CRLs  were  reported  present  in  one  sample 
collected  during  the  fidl  sampling  event.  The  compounds  C;6H6  (3.96  /tg/L),  ErC6HS  (16.1  /tg/L), 
MBC6HS  (3.23  /tg/L),  and  XYLEN  (29.6  /tg/L)  were  reported  present  in  one  sanqile  collected  from  the 
Soudi  Platte  drainage  basin  at  Basin  A  (SW36001). 

No  concentrations  of  volatile  aromatic  conqiounds  above  die  CRL  were  rqiorted  present  in  sanqiles 
collected  during  any  hi^^  events. 

4.2.2.3  Orgffiosvrtfiir  .Qanpgmida 

Conqiounds  in  the  organosulfiir  group  are  listed  as  follows: 

p-Chlorophaqrlmediyl  sulfide  (CPMS) 
p-Chlorophoiylmethyl  sulfoxide  (CPMSO) 
p-Chlorophenylmethyl  sulfone  (CPMS02) 

1.4- Didiiane  ^ITH) 

1.4- Oxadiiane  (OXAT) 

Dimethyldisulfide  (DMDS) 

Benzothiazole  (BTZ) 

The  analytical  results  for  organosulfiir  compounds  are  summarized  below. 

No  concmitrations  of  organosulfiir  compounds  above  the  C^RLs  were  ratted  presmt  in  samples  collected 
during  die  spring  sampling  event. 

Organosulfiir  compounds  at  concmtrations  exceeding  the  CRLs  were  reported  present  in  one  sample 
collected  during  die  fall  sampling  evmt.  The  compounds  C7MS0  (17.0  /tg/L)  and  CPMS02  (194  /tg/L) 
were  rqiorted  present  in  one  sample  collected  from  the  South  Platte  drainage  basin  at  Basin  A 
(SW36001). 
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Organotulfur  oonqKHinds  at  ooooeiitratioas  exceeding  die  CRLs  were  reported  present  in  one  sample 
collected  during  hig|i  event  sanqiling.  The  coiiq;K)unds  BTZ  (7.73  fig/L),  CPMS  (8.47  /ig/L),  CPMSO 
^8  CPMS(X2  (79.0  /tg/L)  were  reported  present  in  one  sample  collected  from  die  Irondale 

Guldi  drainage  basin  at  the  South  Plants  Water  Tower  Pond  (SW01002;  Mardi  13,  1990). 

4.2.2.4  Oreanochlorine  Pesticides 

Compounds  in  the  organochlorine  pesticide  groip  are  listed  as  follows: 

Aldrin 

Chlordane 

Dieldrin 

Endrin 

Hexachlorocydcpentadiaie  ((X6CP) 

Isodrin 

2.2- Bis(paracblotophenyl)-I,l-dichloroethaie  (PPDDE) 

2.2- Bis^arachlorophenyl)-l,l,l-trichloroediane  (PPDDT) 

The  analytical  results  for  organodilorine  pesticides  are  summarized  bdow. 

Organochlorine  pesticides  at  concentrations  exceeding  die  CRLs  wwe  reported  present  in  eight  samples 
collected  during  the  spring  sampling  event.  The  conpounds  aldrin  (0.783  fig/L),  diddrin  (2.13  fig/L), 
endrin  (0.171  /tg/L),  CL6CP  (0.258  /tg/L),  isodrin  (0.935  iigfL),  PPDDE  (0.195  ng/L),  and  PPDDT 
(0.561  fig/L)  were  reported  present  in  one  sample  collected  from  the  South  Platte  drainage  hast. 
(Basin  A;  SW36001).  Organochlorine  pesticides  were  reported  present  in  five  samples  from  the  Irondale 
Gulch  drainage  basin:  die  sample  from  Soudi  Plants  Water  Tower  Pond  (SW01002)  contained  dieldrin 
(0.149  ftg/L),  endrin  (0.213  fig/L),  CL6CP  (0.317  |ig/L),  PPDEE  (0.227  #tg/L),  and  PPDDT 
(0.189  Mg/L);  the  sample  from  Upper  Derby  Lake  (SW01004)  contained  aldrin  (0.0936  fig/L)  and 
chlordane  (0.211  ng/L);  the  sanqile  from  Havana  Intnc^tor  (SW11002)  contained  dilordane 
(0.293  iigfl)  and  PPDDT  (0.088  ft^);  the  sample  from  Peoria  Intercqitor  (SWl  1001)  contained  dieldrin 
(0.138  fig/L);  and  thesample  from  the  Storm  Sewer  (SW12004)contained  chlordane  (0.418  ftg/L),  endrin 
(0.0787  /ig/L),  and  PPDDT  (0.0674  fig/1).  Two  samples  collected  from  die  First  Creek  drainage  basin 
were  reported  to  contain  concentrations  of  organochlorine  pesticides;  aldrin  (0.0703  ftg/L)  was  r^rted 
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present  in  the  sample  collected  from  the  Sewage  Treatment  Plant  (SW24001)  and  chlordane  (0.319  /ig/L) 
was  reported  present  in  the  sample  collected  at  die  First  Creek  Off-Post  monitoring  station  (SW37(X)1). 

Organochlorine  pesticides  at  concentrations  exceeding  die  CRLs  were  reported  present  in  two  samples 
collected  during  die  fidl  sampling  event.  In  the  Soudi  Platte  drainage  basin,  aldrin  (1.02  /ig/L),  diddrin 
(3.99  mS/L),  endrin  (1 .39  mS^)>  CL6CP  (0.0718  m8/L),  and  isodrin  (0.516  /tg/L)  were  reported  present 
in  oim  sanqile  from  Basin  A  (SW36(X)1).  In  the  First  Creek  drainage  basin,  midrin  (0.230  /ig/1)  was 
rqwrted  present  in  one  sample  collected  from  First  Credc  Off-Post  (SW37001). 

Organochlorine  pesticides  at  conceotradons  exceeding  die  CRLs  were  reported  present  in  six  sanqiles 
collected  during  high  event  sanqiiing.  In  the  Irondale  Gulch  drainage  basin,  samples  collected  from  South 
Plants  WatM  Tower  Pond  (SW01002),  Peoria  Interc^tor  (SWllOOl),  Havana  Intercqitor  (SW11(X)2), 
Soudi  Uvalda  (SW 12005),  and  Army  Res«ve  Storm  Sewer  (SW12006)  contained  organochlorine 
pesticides.  Aldrin  (0.914  /tg/1),  dieldrin  (4.96  pig/l),  endrin  (2.34  /ig/1),  CL6CP  (1.06  /tg/i),  isodrin 
(1.20  fig/l),  and  PPDDE  (0.313  /tg/1)  wne  rqxirted  present  in  one  sample  from  Soudi  Plants  Water 
Towtt  Pond  (SW01(X)2)  on  March  13, 1990.  A  sanqile  from  Peoria  IntNcq[>tor  (SWl  1001)  on  Mardi  6, 
1990,  was  r^rted  to  contain  dieldrin  (0.0583  /tg/1)  and  isodrin  (0.0777  /tg/1).  A  second  sample  from 
Peoria  Intercqitor  (SWllOOl)  March  13,  1990,  was  r^rted  to  contain  diddrin  (0.0796 /tgA)  and 
CIj6CP  (0.0685  /tg/1).  CL6CP  (0.0731  /tg/1)  and  PPDDE  (0.305  /tg/1)  wne  reported  present  in  die 
sample  from  Havana  hitercqitor  (SWl  1002)  Mardi  13, 1990.  Aldrin  (0.0914  /tg/1)  was  r^rted  present 
in  a  sanqile  from  Soudi  Uvalda  (SW12(X)S;  March  13,  1990).  CL6C7  (0. 104  /tg/1)  was  reported  present 
in  anothw  hig^  event  sample  from  South  Uvalda  (SW1200S)  on  March  28, 1990.  CL6CP  (0.566  /tg/1) 
was  rq;K>rted  present  in  a  sample  from  the  Army  Res^e  Storm  Sewer  (SW12006;  July  21,  1990). 
Aldrin  (0.0880  /tgA)  was  r^rted  present  in  a  sample  from  die  First  Creek  drainage  basin  at  Nordi  First 
Creek  (SW24002)  on  March  9,  1990.  Endrin  (0.311  /tgA)  was  reported  presmit  in  a  storm  sample  from 
Basin  F  in  the  South  Platte  drainage  basin  (SW26001 ;  Mardi  13, 1990).  Dieldrin  (0.734  /tgA)  and  endrin 
(0.284  /tgA)  w^e  rqiorted  present  in  a  high  event  sample  from  Basin  F  (SW26001;  August  19,  1990). 
Chlordane  (0.236  /tgA)  was  r^rted  present  in  a  sample  collected  at  First  Creek  Off-Post  (SW37001; 
November  29,  1989)  in  the  First  Creek  drainage  basin. 

4.2.2.5  Hydrocarbons 

Compounds  in  the  hydrocarbon  group,  are  listed  as  follows: 
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Bi^fdoheptaitieiiB  ^C3m>) 
Dkydopeatadime  (DCPD) 
Mediyiisobotylketone  (KDBK) 


The  analytical  results  for  hydrocarbons  are  summarized  below. 

Hydrocarbons  were  reported  present  at  concentrations  exceeding  die  CRLs  in  two  sanqiles  collected 
during  the  spring  sampling  event.  BCHPDC22.1  ^tg/L),  DCPD  (47.8  ^tg/L),  and  MIBK  (783  |(g/L)  were 
reported  present  in  one  sanqile  from  Basin  A  in  dm  Soudi  Platte  drainage  basin  (SW36001).  DCPD 
(12.9  fig/L)  was  reported  present  in  one  sample  from  the  First  Creek  drainage  basin  at  First  Credc  Off- 
Post  (SW37001). 

DCPD  was  r^rted  present  in  two  samples  collected  during  the  frdl  sampling  event.  One  sanqile  from 
die  South  Platte  drainage  basin  at  Basin  A  (SW36001)  was  rqwrted  to  contain  DCPD  at  20.4  ftg/L.  One 
sanqile  from  the  First  Creek  drainage  basin  at  First  Credr  Off-Post  (SW37001)  was  reported  to  contain 
DCPD  at  19.5  ngfL. 

A  hydrocarbon  concmitration  above  the  CRL  was  rqwrted  present  in  one  sample  collected  daring  hi^ 
event  sanqiling  in  the  First  Creek  drainage  basin.  DBCB  (48.4  jitg/L)  was  rqwrted  present  at  First  Creek 
Off-Post  (SW37001:  November  29,  1989). 

4.2.2.6  OreanoDhosphorus  Compounds 

Compounds  in  the  nitrogmi  phosphate  pesticides  (organophosphorus)  group  are  listed  as  follows: 

Atrazine 

Malathion 

Parathion 

Supona 

Vapona 

The  analytical  results  for  organophosphorus  compounds  are  summarized  below. 
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OrgaiKq>liosphorus  compound  concentrations  exceeding  Hit  CRLs  were  reported  piesrat  in  four  samples 
collected  during  the  spring  sampling  ev«it.  One  sample  from  the  South  Platte  drainage  basin  (Basin  A; 
SW36001)  was  reported  to  contain  atrazine  (39.1  itg/L),  parathion  (61.5  Mg/L),  and  supona  (5.84  figOJ). 
Two  samples  from  foe  Irondale  Oulch  drainage  basin  were  rqx)rted  to  contain  atrazine.  TTie  aampia 
from  Peoria  Interc^tor  (SWllOOl)  was  rqrarted  to  contain  8.10  #tg/L  of  atrazine,  and  foe  sample  from 
Havana  Interc^tor  (SWl  1002)  was  reported  to  contain  10.2  ng/L  of  atrazine.  Parathion  (35,3  /tg/L)  was 
reported  present  in  one  sample  from  foe  Irondale  Ouldi  drainage  basin  (South  Plants  Watw  Toww  Pond; 
SW01002). 

Two  samples  collected  during  foe  fall  sampling  event  were  r^rted  to  contain  concmitradons  of 
organophosphorus  compounds  that  exceeded  foe  CRLs.  One  sample  from  foe  Soufo  Platte  drainage  basin 
(Basin  A;  SW36001)  was  ratted  to  contain  atrazine  (7.12  /xg/L),  parathion  (43.2  /tg/L),  and  supona 
(11.6  ftg/L).  One  sample  from  foe  First  Creek  drainage  basin  (First  Creek  Off-Post;  SW37001)  was 
rqwrted  to  contain  atrazine  (12.2  /tg/L)  and  parafoion  (1.35  /tg/L). 

Organophosphorus  compounds  at  concentrations  exceeding  foe  CRLs  were  r^rted  present  in  sanq>ies 
collected  from  four  locations  in  foe  Irondale  Guldi  drainage  basin  and  from  one  location  in  foe  First 
Creek  drainage  basin  during  high  evoits.  A  high  event  sample  from  North  Uvalda  (SW01002)  on 
March  13,  1990,  was  rq>orted  to  contain  atrazine  (74.7  /tg/L),  parafoion  (69.7  /tg/L),  and  supona 
(1.93  /tg/L).  One  san^ie  collected  from  Peoria  Intwc^tor  (SWl  1001)  on  March  6, 1990,  was  rqmrted 
to  contain  atrazine  (11.2  /tg/L)  and  v^na  (0.718  /tg/L).  A  high  event  sanq>le  collected  from  Havana 
Intercq)tor  (SWl  1002)  on  Mardi  6,  1990,  was  reported  to  contain  atrazine  (13.1  /tg/L),  and  anofow 
sample  from  Havana  Interceptor  (SWl  1002)  on  March  13,  1990,  was  reported  to  contain  atrazine 
(79.7  /tg/L)  and  parafoion  (1.33  /tg/L).  Atrazine  was  r^rted  presrat  in  two  high  evrait  samples 
collected  at  Soufo  Uvalda  (SW12005)  at  concratrations  of  5.26  /tg/L  on  Mardr  13, 1990,  and  11.4  /tg/L 
on  March  28, 1990.  A  high  event  sample  collected  at  Peoria  Intercq)tor  (SWl  1001)  on  March  13,  1990, 
was  reported  to  contain  atrazine  (22.1  /tg/L).  An  organophosphorus  compound  was  detected  in  one 
sample  collected  in  foe  First  Creek  drainage  basin  during  a  high  event.  Atrazine  (9.43  /tg/L)  was 
reported  present  at  First  Creek  Off-Post  (SW37001;  November  29,  1989). 

4.2.2.7  PhosDhonates 

Compounds  in  foe  phosphonate  group  are  listed  as  follows; 
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DiisopropylmediylirfKN^hoiiate  (DIMP) 
Dimediyliaediylphoqdioiute  (DMMP) 


The  analytical  results  for  plios(dionates  are  summarized  bdow. 

Phoqdionates  at  concentrations  exceeding  the  C3tLs  were  repotted  present  in  five  samples  collected  during 
the  ^ring  sampling  event  Three  aanmles  from  die  Iiondale  Guldi  drainage  basin  were  reported  to 
contain  phosphonates.  DIMP  was  tqiorted  present  in  Upper  Derby  Lake  (SW01004;  0.978  ftg/L)  and 
Hitblioe  Lateral  ^W12007;  0.521  /igfL),  and  DMMP  was  reported  present  in  South  Mants  Water  Tower 
Pond  ^W010Q2;  0.679  ftg/L).  Two  sanqilM  from  die  First  Credc  drainage  basin  were  rqmrted  to 
contain  phoqdionates.  DIMP  was  reported  present  in  North  Bog  (SW24003;  1.65  ng/L)  and  First  Creek 
Off-Post  (SW3700i,  38.5  pg/L).  DMMP  (1.31  itg/L)  was  reported  present  in  one  sanqile  from  die  Soudi 
Platte  drainage  basin  (Basin  A;  SW36001). 

Phosphonates  at  concentratkma  exceeding  the  CRLs  were  reported  present  in  two  samples  collected  during 
the  fall  sanmling  event.  DIMP  (124  pg/L)  was  reported  present  in  one  sample  from  the  First  Credc 
drainage  basin  (First  Credr  Off-Post;  SW37001).  DMMP  (0.771  m8^)  reported  present  in  one 
sanmle  from  die  Soudi  Platte  drainage  basin  (Basin  A;  SW36001>. 

Fhos{dionates  at  concentrations  exceeding  the  CRLs  were  reported  presoit  in  diree  sanmles  collected 
during  hi^  events.  One  sanmle  from  the  frondale  Oulch  drainage  basin  at  South  Plants  Water  Towor 
Pond  (SW01002)  on  Match  13,  1990,  was  tqwrted  to  contain  DIMP  (3.14  fig/L)  and  DMMP  (1.86 
Hg/L).  DIMP  was  reported  present  in  two  samples  from  the  First  Creek  drainage  basin  at  First  Credt 
Off-Post  on  Novonba  29,  1989  (160  and  on  Mardi  9,  1990  (14.1  iigfL). 

4.2.2.8  Dibromochlorooropane  fPBCPl 

The  analytical  results  for  DBCP  are  summarized  below. 

DBCP  was  rqmrted  present  at  a  concentration  eiueeding  die  CRL  in  one  sanmle  collected  during  die 
spring  sanmiing  event.  One  sample  from  die  South  Platte  drainage  basin  (Basin  A;  SW36001)  was 
rqiorted  to  contain  DBCP  at  15.2  ngfL. 
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DBCP  was  reported  present  at  a  concentration  exceeding  the  CRL  in  one  sample  collected  during  the  fall 
sanq>ling  event.  One  san^le  from  the  South  Platte  drainage  basin  (Basin  A;  SW36001)  was  reported  to 
contain  DBCP  at  5.43  ftg/L. 

DBCP  was  r^rted  present  at  a  concoitration  exceeding  the  CRL  in  one  sample  collected  during  a  hi^ 
event  san^>ling.  One  san^>le  from  the  Irondale  Guldi  drainage  basin  at  South  Plants  Water  Toww  Pond 
^W01002)  on  March  13,  1990,  was  rqx>rted  to  contain  DBCP  at  201  ftg/L. 

4.2.3  Occurrence  ch>  Nontarobt  Organic  C(»spounds 

GC/MS  analyses  were  performed  to  confirm  CMP  targtt  compound  analyses  and  to  provide  information 
r^arding  foe  potential  presence  of  nontarget  compounds  at  specific  locations.  Confirmational  GC/MS 
results  for  CMP  target  con^unds  are  discussed  in  Section  4.S.  The  results  of  GC/MS  analyses  for 
nontarget  confounds  are  discussed  bdow,  including  identification  of  foe  nontarget  compounds,  san:q>ling 
locations,  sanqtling  evmts,  and  rqmrted  concentrations. 

Seven  samples  were  collected  for  GC/MS  analyses  during  foe  spring  sanqiling  event.  Of  foese  seven 
sanqiles,  no  nontarget  organic  conqpounds  were  reported  present. 

Three  samples  were  collected  for  GC/MS  analyses  during  foe  foil  sampling  evecx.  Of  foese  three 
saiiq>les,  a  single  nontarget  conqraund,  n-nitroso-di-'n-propylamine  (7.01  ng/L),  was  rqwrted  presmit  in 
a  sanqple  collected  from  South  Platte  drainage  basin  at  Basin  A  (SW36001). 

One  sanqile  was  collected  for  GC/MS  analysis  during  a  high  evmt.  No  nontarget  organic  compounds 
were  rq>orted  presmt  in  this  sanqtle. 

4.2.4  Occurrence  of  Trace  Inorganic  CoNsrrruENTs 

Trace  inorganic  constitumits  analyxed  for  fois  study  include  six  trace  m^s  and  arsenic.  Trace  metals 
gently  occur  in  natural  waters  at  concmitrations  less  than  0.1  mg/L  (Hon,  1989).  Trace  metals  for 
whidi  analyses  were  pwformed  include  cadmium,  diromium,  copper,  lead,  mercury,  and  zinc.  Twenty- 
sevmi  sites  were  sampled  during  foe  spring  sampling  event,  13  sites  were  sampled  during  foe  foil 
sanq)ling  evoit,  and  22  sanq>les  were  collected  at  12  sites  during  high  evmts.  Samples  from  all  events 
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wm  submitted  for  total  recoverable  analyses.  The  occurrmce  of  reported  trace  inorganic  constituents 
in  surfoce-watm:  samples  is  presoited  in  Table  4.2-3.  A  geographical  representation  of 
die  rqmrted  trace  inorganic  constituent  concmtrations  is  provided  in  Figures  4.2-4, 4.2-S  and  4.2-6.  The 
following  discussions  summarize  the  analytical  results  by  constituent  and  san^ling  event  for  all  sample 
results  that  meet  CMP  QA/QC  requironents.  A  discussion  of  die  QA/QC  protocol  and  a  summary  of 
rejected  data  are  provided  in  Section  4.S. 

4.2.4. 1  Arsenic 

A  total  of  27  san^les  collected  during  die  spring  sampling  event  were  analyzed  for  total  arsenic.  Of 
these  27  samples,  diere  were  diree  r^rted  concentrations  mcceeding  the  CRL.  The  maxinoum  rq;>orted 
concmtration  (73. 1  ng/L)  was  for  a  sample  collected  from  die  First  C!redc  drainage  basin  at  the  Sewage 
Treatment  Plant  (SW24001).  Other  reported  concentrations  were  for  san^les  from  the  Irondale  Gulch 
drainage  basin  at  Upper  Derby  Lake  (SW01004;  2.49  mS^)  die  South  Platte  drainage  basin  at  Basin 
A  (SW36001;  71.6  ng/L). 

A  total  of  13  sanqiles  were  analyzed  for  total  arsenic  during  the  fall  sanqiling  event.  Of  these  13 
samples,  there  were  three  rqiorted  concentrations  mtceeding  the  CRL.  The  maximum  r^rted 
concoitration  (81 .9  fig/L)  was  for  a  sample  from  the  Soudi  Platte  drainage  basin  at  Basin  A  (SW36001). 

Other  rq)orted  concentrations  were  for  samples  from  the  First  Creek  drainage  basin  at  North  First  Creek 
(SW24002;  2.75  itg/L)  and  the  Sewage  Treatmrat  Plant  (SW24001;  70.6  fig/L). 

A  total  of  22  sanqiles  were  analyzed  for  total  arsenic  during  high  event  sampling.  Of  these  21  samples, 
thm  wm:e  seven  reported  concentrations  exceeding  die  CRL  (Table  4.2-3).  The  minimum  ^.92  ftg/L) 
and  maximum  ^.2  rqiorted  concentrations  w^  for  samples  from  the  First  Creek  drainage  basin 
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Tri>te  4.2-3  Oocurrence  of  Trace  Inoiganic  Coostitueots  in  SurfKe-Water  Samples,  Wider  Year  1990 


Sampling 

Sampling 

Concentration 

Lx)cation 

Event* 

Trace  Metal 

Otg/1) 

Irondale  Gulch  Drainage  Basin 

SWOlOOl 

Fall 

Zinc 

33.5 

SW01002 

Spring 

Copper 

29.7 

High  Event  1 

Arsmiic 

32.5 

March  13,  1990 

Copptf 

39.8 

SW01004 

Spring 

Arsenic 

2.49 

SWllOOl 

Spring 

Cadmium 

9.80 

Qmper 

21.3 

Zinc 

115 

Hidi  Event  1 
March  6,  1990 

Zinc 

61.6 

Hi^  Event  2 

Chromium 

17.4 

March  13,  1990 

Esr 

24.3 

52.3 

Zinc 

152 

Fall 

Zinc 

33.7 

SW11002 

Spring 

Zinc 

106 

High  Event  1 
Match  6,  1990 

Zinc 

80.5 

High  Evoit  2 

Copper 

22.9 

March  13,  1990 

Zinc 

144 

High  Event  3 

Chromium 

19.7 

July  9,  1990 

gsr 

24.3 

63.6 

Zinc 

188 

SW11003 

Spring 

Zinc 

20.8 

SW12001 

Fall 

Zinc 

46.3 
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IVUe  4.2>3  Oocurrenoe  of  Trace  Inorganic  Consdtueots  in  Surface-Water  Sanq>les,  Water  Year  1990  (continued) 


Sampling 

Loottkm 

Sampling 

Event* 

Trace  Metal 

Concentration 

OigA) 

Irendilff  flulch  Pninigg  BmIo  (continued) 

SW12004 

Spring 

Sr 

29.3 

65.4 

Higfi  Event 

Zinc 

74.2 

Fall 

Zinc 

60.9 

SW1200S 

High  Event  1 
Match  8, 1990 

Zinc 

29.4 

High  Event  2 
March  13.  1990 

f!hmminm 

Zinc 

20.5 

24.9 

SW12006 

Hi^  Event 

July  21.  1990 

Corner 

Zinc 

19.6 

63.6 

ElnLCrerit  PraiMgc  g«iD 

SW08003 

High  Event  1 

May  30.  1990 

Arsenic 

3.01 

High  Event  3 

July  9.  1990 

Zinc 

127 

Fall 

Zinc 

21.1 

SW24001 

Spring 

Arsenic 

73.1 

Fall 

Arsenic 

70.6 

SW24002 

Fall 

Arsenic 

Zinc 

2.75 

54.7 

SW37001 

High  Event  1  Arsmiic 

November  29,  1989 

4.10 

Hi^  Event  2 
March  9,  1990 

Arsenic 

2.92 

Fall 

Zinc 

21.2 
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Triiie4.2-3  OocurrcM  ofTraoelncffgaiiicOHistitMfrtgiaSurfiKe-Water  Samples,  Water  Year  1990  (oootiiitted) 


Samidiog 

Sanmling 

Concentration 

Location 

Event* 

Trace  Metal 

<#»«/!) 

Soutli  Plttfe  PraiiMge  B»in 


SW26001 

Hi^  Event  1 

Arsenic 

39.9 

Match  13.  1990 

Coppa 

23.6 

Zinc 

30.0 

Hi^  Evan  2 

Arsenic 

92.2 

August  19. 1990 

Chromium 

38.2 

Sr 

102 

80.S 

Zinc 

184 

SW36001 

Spring 

Arsenic 

71.6 

Fall 

Arsenic 

81.9 

Zinc 

33.6 

Sand  Creek  Drainage  Basin 

SW04001 

High  Event 

Arsenic 

11.1 

July  9,  1990 

Chromium 

32.2 

Sr 

137 

585 

Zinc 

530 

*  Spring»April  12  thiougb  April  19, 1990 

Fall  »S«itHnb«  4  tiuou^  Sqttonber  7, 1990 

ftg/1  *>iiiKrograins  per  liter 
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at  Pint  Creek  Off-Post  (SW37001)  on  Match  9.  1990,  and  Basin  F  (SW26001)  on  August  19,  1990, 
respectively. 


4.2A.2  Cadmium 

A  tiMai  of  27  sanities  were  analyzed  for  total  cadmium  during  the  spring  8anq>ling  event.  Of  diese  27 
samples,  there  was  one  repotted  oonoeotratkm  exceeding  the  CRL  for  a  san^le  from  die  Irondale  Ouldi 
drainage  basin  at  Peoria  Interceptor  (SWllOOl;  9.80  m8^)- 

A  total  of  13  aampiea  were  analyzed  for  total  <^mnim  during  die  foil  san^iling  event.  No  concentrations 
of  cadmium  exceeding  die  CRL  were  reported  presmt  in  diese  samples. 

A  total  of  22  aamplea  were  analyzed  for  total  ^^mhim  during  hi^  event  sampling.  No  concentrations 
of  e«dmiiim  exceeding  the  CRL  were  reported  present  in  these  sanqiles. 

4.2.4.3  Ctoanium 

A  total  of  27  san^les  were  analyzed  for  total  diromiom  during  the  spring  sampling  evmit.  No 
concentrations  of  chromium  exceeding  die  CRL  were  rqiorted  present  in  these  sanples. 

A  total  of  13  samples  were  analyzed  for  duomhun  during  the  fidl  sanqiling  event.  No  concratradoos 
of  chromium  exceeding  die  CRL  were  reported  present  in  these  samples. 

A  total  of  22  Mmplea  were  analyzed  for  total  diromium  during  high  event  sampling.  Five  concmitrations 
exceeding  die  CRL  were  r^orted  present.  The  minimum  reported  concentration  (17.4  fig/L)  was  for  a 
Mimplft  from  die  Irondale  drainage  basin  at  Peoria  Interceptor  ^SWllOOl)  on  Mardi  13,  1990.  The 
marimum  reported  concentration  Q8.2  ng/L)  was  for  a  sanple  from  Basin  F  in  the  South  Platte  drainage 
basin  (SW26001)  on  August  19,  1990. 
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A.2AA  Copper 

A  total  of  27  saoqtlea  were  analyzed  for  total  copper  during  die  spring  sanqiling  event.  Of  these  27 
samples,  diree  concentrations  exceeding  the  CRL  were  reported.  The  minimum  and  maxiinmn 
concentrations  were  reported  for  samples  from  the  Irondale  Gulch  drainage  basin  at  Peoria  Intercq;>tor 
(SWllOOl;  21.3  fig/L)  and  South  Plants  Water  Tower  Pond  (SW01002;  29.7  ng/L),  respectively. 

A  total  of  13  samples  were  analyzed  for  total  copp«  during  the  fall  sampling  event.  No  concentrations 
of  copper  exceeding  die  CRL  were  reported  present  in  these  samples. 

A  total  of  22  samples  were  analyzed  for  total  copper  during  hi^  event  sampling.  Eight  concentrations 
mcceeding  die  CRL  were  reported  presmt.  The  minimum  r^rted  concentration  (19.6  ng/L)  was  for  a 
sanqile  from  the  Irondale  Gulch  drainage  basin  at  Army  Res^e  Storm  Sewer  (SW12006)  on  July  21, 
1990.  The  maximum  reported  concentration  (137  /tg/L)  was  for  a  sample  from  the  Motor  Pool  in  die 
Sand  Creek  drainage  basin  (SW04001)  on  July  9,  1990. 

4.2.4.S  Lead 

A  total  of  27  samples  woe  analyzed  for  total  lead  during  the  spring  san^ling  event.  One  concentration 
exceeding  the  CRL  was  rqiorted  for  a  sanqile  from  die  Irondale  Guldi  drainage  basin  at  Storm  Sewer 
(SW12004;  65.4  #tg/L). 

A  total  of  13  samples  woe  analyzed  for  total  lead  during  the  fall  sampling  evrat.  No  concentrations  of 
lead  exceeding  the  CRL  were  reported. 

A  total  of  22  samples  were  analyzed  for  total  lead  during  high  event  sanqiling.  Four  concentrations 
exceeding  the  CRL  wete  rqported.  The  minimum  reported  concentration  (52.3  /tg/L)  was  for  a  sample 
from  the  Irondale  Guldi  drainage  basin  at  Peoria  Intnc^tor  (SW11(X)1)  on  Mardi  13,  1990.  The 
maximum  r^rted  com^mitration  (585  ngfL)  was  for  a  sample  from  the  Motor  Pool  in  the  Sand  Creek 
drainage  basin  (SW04001)  on  July  9,  1990. 
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4.2.4.6  Mercury 


A  total  of  27  samples  were  analyzed  for  total  mercury  during  die  spring  sanqiling  evoit.  No 
concentrations  of  mercury  exceeding  die  CRL  were  repotted. 

A  total  of  13  sanqiles  were  analyzed  for  mercury  during  the  fall  san^ling  event.  No  concentrations  of 
mercury  exceeding  die  CRL  were  reported. 

A  total  of  22  sanqiles  were  analyzed  for  mercury  during  hi^  evad  sampling.  No  concentrations  of 
mercury  exceeding  the  CRL  were  rqmrted. 

4.2.4.7  Ziac 

A  total  of  26  samples  were  analyzed  for  zinc  during  die  spring  sampling  event.  Three  concentrations 
exceeding  the  CRL  were  reported.  The  minimum  (20.8  /tg/L)  and  maximum  (US  mS/L)  r^rted 
concentrations  were  for  samples  from  the  Irondale  Gulch  drainage  basin  at  Havana  Pond  (SWl  1003)  and 
Peoria  Intnceptor  (SWl  1001),  respectivdy. 

A  total  of  13  samples  wme  analyzed  for  total  zinc  during  die  foil  sampling  evmit.  Ei^t  concentrations 
exceeding  die  CRL  were  reported.  The  minimum  rqiorted  concmitration  (21.1  ngfL)  was  for  a  sample 
from  South  First  Credr  (SW08003)  in  the  First  Creek  drainage  basin.  The  maximum  ratted 
concentration  (60.9  ftg/L)  was  for  a  sample  from  Storm  Sewer  (SW 12004)  in  the  Irondale  Gulch  drainage 
basin. 

A  total  of  22  samples  wore  analyzed  for  total  zinc  during  hi^  event  sanqiling.  Thirtemi  concentrations 
exceeding  the  CRL  were  rqiorted.  The  minimum  r^rted  concmitration  (24.9  iig/L)  was  for  a  sample 
from  South  Uvalda  in  the  Irondale  Gulch  drainage  basin  (SW1200S)  on  March  13, 1990.  The  maximum 
r^rted  concoitration  (530  itgfL)  was  for  a  sample  from  the  Motor  Pool  in  the  Sand  Creek  drainage 
basin  (SW04001)  on  July  9,  1990. 
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4.2.5 


Field  Parameter  Measurements 


Field  parameters  measured  for  this  study  included  alkalinity,  specific  conductance,  pH,  and  temperature. 
Field  data  were  collected  from  27  sites  during  the  spring  sampling  event,  13  sites  during  die  foil  san^ling 
event  and  22  sites  during  high  events.  App«idix  B  presents  field  water-quality  data  for  each  san^ling 
period.  The  following  discussions  summarize  dm  field  parameter  measurements  by  parameter  and 
sanqiling  event. 

4.2.5. 1  Total  Alkalinity 

Alkalinity  is  the  capacity  of  water  to  neutralize  a  strong  acid.  Alkalinity  is  used  in  diis  rqwrt  to  indicate 
total  alkalinity  as  calcium  carbonate  (CaCOs)  in  milligrams  p^  liter  (mg/L)  of  CaC03.  Alkalinity  was 
measured  by  titrating  the  sample  with  sulfuric  acid  to  a  pH  midpoint  of  4.3.  During  field  operations, 
titrations  to  four  pH  endpoints  were  measured  and  r^rted  when  the  starting  pH  of  the  sample  was  above 
8.3.  A  pH  Midpoint  of  4.3  was  used  in  subsequent  calculations  of  carbonate  species  in  accordance  with 
Standard  Method  403  (APHA,  1985). 

A  total  of  27  measuTMnents  were  r^rted  for  alkalinity  during  the  spring  sampling  event.  The  minimum 
(30  mg/L)  and  maximum  (475  mg/L)  r^rted  measurmnents  were  for  samples  from  the  Irondale  Gulch 
drainage  basin  at  Havana  Pond  (SWllOOS)  and  at  South  Uvalda  (SW12005),  respectively. 

A  total  of  13  measurmnents  were  rqiorted  for  alkalinity  during  the  fall  sampling  event.  The  minimum 
rqiorted  measurem«it  (48  mg/L)  was  for  a  sample  fixim  the  Irondale  Gulch  drainage  basin  at  Storm 
SewM  (SW12(X)4).  The  maximum  rqxirted  measuremmit  (420  mg/L)  was  for  a  sample  from  the  First 
Creek  draim^e  basin  at  North  First  Creek  (SW24002). 

A  total  of  18  measurements  were  rqiorted  for  alkalinity  during  high  event  sampling.  The  minimum 
reported  measurment  (13  mg/L)  was  for  a  sample  from  the  Irondale  Gulch  drainage  basin  at  Army 
ResMve  Storm  Sewer  (SW120006)  on  July  20,  1990.  The  maximum  rqmrted  measurement  ^82  mg/L) 
was  for  a  sample  from  the  First  Creek  drainage  basin  at  NorOi  First  Creek  (SW24002)  on  March  9, 1990. 
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4.2.5.2 


A  total  of  27  measuranrats  were  reported  for  specific  conductance  during  the  spring  sanq>ling  evmt. 
The  values  reported  herein  are  corrected  to  2S*’C.  The  nuudmum  reported  measurement  (4598 
/imhos/cm)  was  for  a  sample  from  Soudi  Plants  Water  Tower  Pond  (SW01002).  The  minimum  reported 
measuremmit  (200  |imhos/cm)  was  for  a  sample  from  the  Irondale  Gulch  drainage  basin  at  Havana  Pond 
(SWU003). 

A  total  of  13  measurements  were  reported  for  specific  conductance  during  the  fall  sampling  evmit.  The 
maximum  r^rted  measuremmit  (4361  ^imhos/cm)  was  for  a  sample  from  foe  First  Creek  drainage  basin 
at  North  First  Creek  (SW24002).  The  minimum  ratted  measurmnent  (189  fimhos/cm)  was  for  a  sample 
from  foe  Irondale  Gulch  drainage  basin  at  Peoria  Intercq>tor  (SWl  1001). 

A  total  of  21  measurements  were  r^rted  for  specific  conductance  during  high  event  sampling.  The 
maximum  rqmrted  measurement  (1916  /tmhos/cm)  was  for  a  sample  from  foe  First  Creek  drainage  basin 
at  First  Credc  Off-post  (SW37001)  on  November  29,  1989.  The  minimum  rqmrted  measuremmit 
(S8.2  finfoos/cm)  was  for  a  sample  from  foe  Irondale  Gulch  drainage  basin  at  Army  Resmve  Storm  Sewer 
(SW12006)  on  July  21,  1990. 

4.2.5.3  m 

A  total  of  27  measuremmits  were  rqrarted  for  pH  during  foe  spring  sampling  evmit.  The  maximum 
r^rted  measurement  (9.77)  was  for  a  sample  from  foe  Irondale  Gulch  drainage  basin  at  Havana 
Interc^tor  (SW11(X)2).  The  mininnun  reported  n^urement  (6.64)  was  for  a  sample  from  foe  First 
Creek  drainage  basin  at  South  First  Creek  Boundary  (SW08001).  The  majority  of  foe  samples  were 
basic. 

A  total  of  13  measurements  were  rqjorted  for  pH  during  foe  fall  sampling  event.  The  maximum  rqx>rted 
measurmnent  (10.48)  was  for  a  sample  from  foe  Irondale  Gulch  drainage  basin  at  Havana  Interc^tor 
(SW11(X)2).  The  minimum  reported  measurement  (7.44)  was  rq)orted  for  two  samples  from  foe  First 
Creek  drainage  basin,  at  Sewage  Treatment  Plant  (SW24001)  and  North  First  Creek  (SW24002). 
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A  total  of  21  menoieinaitt  wore  reported  fi>r  pH  chmng  hi^  event  saiiq>ling.  The  maximum  reported 
measurement  (14.62)  was  for  a  sample  from  foe  Smd  CrecA  drainage  basin  at  Motor  Pool  (SW04001) 
on  July  9, 1$>90.  The  minimum  r^rted  measuremmit  (6.90)  was  for  a  sanq)le  from  foe  Irondale  Guldi 
drainage  basin  at  Havana  Interceptor  (SW11002)  on  March  6,  1990. 


4.2.5.4 


A  total  of  27  measurements  were  reported  for  tmnperature  during  foe  spring  sanqiling  event.  The 
maximum  rqmrfod  measurement  (IS.d^Q  was  for  a  sample  from  foe  Irondale  Gulch  drainage  basin  at 
South  Plants  steam  effluent  OSW02006).  The  minimum  reported  measurement  (S.90‘’C)  was  for  a  sanq>le 
from  foe  First  Credr  drainage  basin  at  First  Creek  North  Boundary  (SW24004). 

A  total  of  13  measurements  were  rqmrted  for  tenq>erature  during  foe  fall  saiqpling  evmt.  The  maximum 
rqmrted  measurement  (32.1‘’C)  was  for  a  san^le  from  foe  Irondale  Gulch  drainage  basin  at  Havana 
Intercq)tor  (SW11002).  The  miidmum  r^rted  measuremmit  (16.S°C)  was  for  a  san^le  from  foe 
Irondale  Guldi  drainage  basin  at  South  Uvaida  (SW1200S). 

A  total  of  21  tmnperature  measurements  wne  ratted  during  high  ev«it  sampling.  The  maximum 
tepoTted  measurement  (2S.3°Q  was  for  two  samples  from  foe  Irondale  Gulch  drunage  basin  at  Army 
Reserve  Storm  Seww  (SW12006)  on  July  21, 1990  and  foe  First  Creek  drainage  basin  at  Eastern  Uppw 
Derby  Lake  Ditch  (SW06002)  on  April  27,  1990.  The  minimum  r^rted  measurement  (8.40°C)  was 
for  a  sample  from  foe  Irondale  Guldi  drunage  basin  at  Havana  Intmceptor  (SWl  1002)  on  Mardi  6, 1990. 

4.2.6  OocuRRBNCB  OP  Majcmi  Inorganic  CoNsrrrruENTS 

Miyor  inorganic  constituents  that  occur  naturally  at  concentrations  greater  foan  0. 1  mg/L  include  calcium, 
diloride,  fluoride,  potassium,  magnesium,  sodium,  nitrate-nitrite,  and  sulfate  (AppmidixB).  The 
following  discussions  summarize  the  occurrences  of  each  major  inorganic  constitumit  by  sampling  evoit 
for  san^le  results  foat  met  CMP  QA/QC  requiremmits.  A  discussion  of  foe  QA/QC  protocol  and  a 
summary  of  rejected  data  are  provided  in  Section  4.5. 

4.2.6. 1  Calcium 
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A  total  of  19  san^les  wore  analyzed  for  calcium  during  tbe  spring  sampling  eveat.  Th^  were 
19  rq;>orted  concentrations  exceeding  die  CRL.  The  itmTimnm  reported  concoitration  (639  mg/L)  was 
fiar  a  sample  from  die  Irondale  Ouldi  drainage  basin  at  South  Plants  Water  Town  Pond  (SW01002).  The 
minimum  rqiorted  concentration  (8.13  mg/L)  was  for  a  sample  from  die  Irondale  Guldi  drainage  basin 
at  Havana  Pond  (SW11003). 

A  total  of  13  samples  wett  analyzed  for  calcium  during  die  foil  san^ling  event.  Thoe  woe  13  rqiorted 
concentrations  exceeding  die  CRL.  The  maximum  r^rted  concentration  (477  mg/L)  was  for  a  sample 
from  the  First  Credc  drainage  basin  at  Nordi  First  Credc  (SW24()02).  The  minimum  r^rted 
concmtration  (22.3  mg/L)  was  for  a  sample  from  the  Irondale  Gulch  drainage  basin  at  Soudi  Plants  steam 
effluent  (SW02006). 

A  total  of  21  samples  v/ett  analyzed  for  calcium  during  die  hi^  event  sampling.  There  were  20  reported 
concentrations  exceeding  the  CRL.  The  maximum  r^rted  concentration  (173  mg/L)  was  for  a  sample 
from  the  South  Platte  drainage  basin  at  Basin  F  (SW2600t)  on  August  19, 1990.  The  minimum  reported 
concentration  ^.11  mg/L)  was  for  a  sample  from  the  Irondale  (3ulch  drainage  basin  at  Peoria  Interceptor 
(SWIlOOl)  on  March  6,  1990. 

4.2.6.2  Chloride 

A  total  of  27  samples  were  analyzed  for  diloride  during  the  spring  sampling  event.  There  wa«  27 
ratted  concentrations  exceeding  the  CRL.  The  maximum  reported  concentration  (667  mg/L)  was  for 
a  sample  from  the  Irondale  Gulch  drainage  basin  at  Soudi  Plants  Water  Tower  Pond  (SW01002).  The 
minimum  rqiorted  concentration  (33.0  mg/L)  was  for  a  sample  from  the  Irondale  Gulch  drainage  basin 
at  Highline  Lateral  (SW12007). 

A  total  of  13  samples  were  analyzed  for  diloride  during  the  fall  sampling  evrat.  There  were  13  reported 
concentrations  exceeding  die  CRL.  The  maximum  reported  concentration  (453  mg/L)  was  for  a  sample 
from  the  First  Creek  drainage  basin  at  North  First  Creek  (SW24002).  The  minimum  r^rted 
concentration  (IS.  1  mg/L)  was  for  a  sample  from  the  Irondale  Guldi  drainage  basin  at  Peoria  Int^cqptor 
(SWIlOOl). 
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A  total  of  22  sanifles  were  analyzed  for  ddoride  during  dte  hi^  event  sampling.  Tliere  were  22  rqwrted 
concentrations  exceeding  die  C3tL.  The  maximum  rqwtted  concentration  (250  mg/L)  was  for  a  sanqile 
from  die  First  Creek  Drainage  basin  at  First  Creek  Off-Post  (SW37001)  on  Novembw  29,  1990.  The 
minimum  rqported  concentration  (0.482  mg/L)  was  for  a  sample  from  the  Sand  Credk  drainage  basin  at 
Motor  Pool  (SW04001)  on  July  9,  1990. 

4.2.6.3  Quodite 

A  total  of  27  samples  were  analyzed  for  fluoride  during  die  spring  sanqiling  evoit.  Th««  were  27 
reported  concentrations  exceeding  die  CRL.  The  maximum  reported  concentration  (4.96  mg/L)  was  for 
a  sample  from  the  Irondale  Gulch  drainage  basin  at  South  Plants  Water  Tower  Pond  (SW01002).  The 
minimum  reported  concentration  (0.233)  was  for  a  sanqile  from  die  Irondale  Gulch  drainage  basin  at 
Havana  Pood  (SWl  1003). 

A  total  of  13  samples  were  analyzed  for  fluoride  during  die  fall  sampling  event.  There  wore  five  r^rted 
concentrations  exceeding  die  CRL.  The  maximum  r^rted  concentration  (2.51  mg/L)  was  for  a  sample 
from  the  First  Creek  drainage  basin  at  First  Credc  Off-Post  (SW37001).  The  minimum  reported 
concoitration  (0.91  mg/L)  was  for  a  sanple  from  die  Irondale  Gulch  drainage  basin  at  Storm  Sewn 
(SW12004). 

Atotalof22sanples  woe  analyzed  for  fluoride  during  die  high  evmit  sampling.  There  wore  17  reported 
concentrations  exceeding  the  CRL.  The  maximum  reported  concentration  (3.34  mg/L)  was  for  a  sample 
from  the  First  Credr  drainage  basin  at  First  Creek  Off-Post  (SW37001)  on  Novmnbo'  29,  1989.  The 
minimum  reported  concoitration  (0. 165  mg/L)  was  for  a  sample  from  the  Irondale  Gulch  drainage  basin 
at  Army  Reserve  Storm  Sewer  (SW12006)  on  July  21,  1990. 

4.2.6.4  Eoiissium 

A  total  of  27  samples  wmie  analyzed  for  potassium  during  the  spring  sampling  evmit.  There  were  27 
rqmrted  concmitrations  exceeding  the  CRL.  The  maximum  r^rted  concentration  (53.3  mg/L)  was  for 
a  sample  from  the  Irondale  Gulch  drainage  basin  at  South  Plants  Wat^  Tower  Pond  (SW01002).  The 
minimum  r^rted  concentration  (2.53  mg/L)  was  for  a  sample  from  the  Irondale  Gulch  drainage  basin 
at  Highline  Lateral  (SW 12007). 
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A  total  of  13  san^les  were  analyzed  for  potassium  during  the  fall  sampling  evmit.  There  were  13 
rc|>orted  commitrations  exceeding  die  CRL.  The  maximum  reported  concentration  (7.23  mg/L)  was  for 
a  sanqile  from  die  First  Credc  drainage  basin  at  First  Creek  Off-Post  (SW37001).  The  minimum  reported 
concmtration  (3.26  mg/L)  was  for  a  sample  from  the  Irondale  Gulch  drainage  basin  at  Soudi  Plants  steam 
efduent  (SW02006). 

A  total  of  22  sauries  woe  analyzed  for  potassium  during  the  high  event  sanqiling.  There  were  21 
ratted  concentrations  exceeding  the  CRL.  The  maximum  reported  concentration  (19.2  mg/L)  was  for 
a  sample  from  the  Soudi  Platte  drahuige  basin  at  Basin  F  (SW26001)  on  August  19, 1990.  The  minimum 
reported  concentration  (1.92  mg/L)  was  for  a  sample  from  die  Irondale  Gulch  drainage  basin  at  South 
Uvalda  (SW1200S)  on  March  8.  1990. 

4.2.6.S  Magnesium 

A  total  of  27  samples  were  analyzed  for  magnesium  during  die  spring  sampling  evmit.  There  were  27 
ratted  concmtrations  exceeding  die  CRL.  The  maximum  r^rted  cont^f’- 'radon  (202  mg/L)  was  for 
a  sample  &om  the  Irondale  Gulch  drainage  basin  at  Soudi  Plants  WatN  Towor  Pond  (SW01002).  The 
minimum  r^rted  concentration  (0.814  mg/L)  was  for  a  sanqile  from  the  Irondale  Gulch  drainage  basin 
at  Havana  Pond  (SW11003). 

A  total  of  13  samples  wme  analyzed  for  magnesium  during  die  fall  saniq[>ling  evmit.  There  wme  13 
reported  concentrations  exceeding  die  CRL.  The  maximum  ratted  concentration  (134  mg/L)  was  for 
a  sanqile  from  the  First  Credr  drainage  basin  at  Nordi  First  Creek  (SW24002).  The  minimum  rqmrted 
concentration  (Z.S9  mg/L)  was  for  a  sample  from  die  Irondale  Gulch  drainage  basin  at  Havana  IntMc^tor 
(SW110Q2). 

A  total  of  22  samples  were  analyzed  for  magnesium  during  the  high  event  sampling.  There  were  22 
reported  concentrations  exceeding  the  CRL.  The  maximum  r^rted  concmitration  (60.5  mg/L)  was  for 
a  sample  from  First  Creek  Off-Post  (SW37001)  on  November  29,  1989.  The  minimum  rqxirted 
concmitration  (0.488  mg/L)  was  for  a  sample  from  the  Irondale  Guldi  drainage  basin  at  Peoria  Interc^tor 
(SWllOOl)  on  March  6, 1990. 


- 169- 

SWAR-90.4 
Rev.  02A7/92 


4.2.6.6  Sodfaim 


A  total  of  27  samples  were  analyzed  for  sodium  daring  die  spring  sanqiling  event.  There  were  27 
reported  concentrations  exceeding  die  CRL.  The  maximum  reported  concentration  (417  mg/L)  was  for 
a  sanqile  from  die  Irondale  Guldi  drunage  basin  at  South  Plants  Wat^  Tower  Pond  (SW01002).  The 
minimum  reported  concentration  <34.3  mg/L)  was  for  a  san^le  from  the  Irondale  Gulch  drainage  basin 
at  Highline  Lateral  (SW12007). 

A  total  of  13  samples  were  analyzed  for  sodium  daring  die  fall  sanqiling  event.  There  were  13  reported 
concentrations  exceeding  the  CRL.  The  maximum  reported  concentration  (626  mg/L)  was  fo  nple 
from  die  First  Oeek  drainage  basin  at  North  First  Credc  (SW24(X)2).  The  minimuir<  Jited 
concentration  (11.3  mg/L)  was  for  a  sample  from  die  Irondale  Gulch  drainage  basin  at  Peoria  Interceptor 
(SWllOOl). 

A  total  of  22  samples  were  analyzed  for  sodium  during  die  high  event  sampling.  There  were  22  reporte  ’ 
concentradons  exceeding  the  CRL.  The  maximum  reported  concentration  Q80  mg/L)  was  for  a  san^le 
from  the  First  Credr  drainage  basin  at  First  Credc  Off-Post  (SW37001)  on  November  29,  1989.  The 
minimum  reported  concentration  (1.S9  mg/L)  was  for  a  san^le  from  the  Soudi  Platte  drainage  basin  at 
Basin  F  (SW26001)  on  August  19,  1990. 

4.2.6.7  Nitrate-Nitrite  (as  N> 

A  total  of  27  san^iles  were  analyzed  for  nitrate-nitrite  (as  N)  during  die  spring  sampling  evmit.  Thne 
wm:e  27  rqKirted  concoitratioas  exceeding  die  CRL.  The  maximum  r^rted  concmitradon  (6.42  mg/L) 
was  for  a  sample  from  the  First  Credc  drainage  basin  at  First  Creek  Toxic  Yard  A  (SW31001).  The 
minimum  rqiorted  concmitration  (0.0210  mg/L)  was  for  a  sample  from  Ladora  Lake  (SW02003). 

A  total  of  13  samples  wwe  analyzed  for  nitrate-nitrite  (as  N)  during  the  fall  sampling  event.  There  were 
13  r^rted  concentrations  exceeding  the  CRL.  The  maximum  r^rted  concentration  (4.30  mg/L)  was 
for  a  sample  from  the  First  Creek  drainage  basin  at  Sewage  Treatmmit  Plant  (SW24(X)1).  The  miniinum 
repotted  concentration  (0.275  mg/L)  was  for  a  sample  from  Nordi  First  Creek  (SW24002). 
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A  total  of  22  samples  were  analyzed  for  nitrate-nitrite  (as  N)  during  the  high  event  sampling.  There  were 
22  reported  concentrations  exceeding  the  CRL.  The  maximum  reported  concmitration  (6.78  mg/L)  was 
for  a  sample  from  the  Irondale  Gulch  drainage  basin  at  Havana  Interceptor  (SWl  10(}2)  on  July  9,  1990. 
The  minimum  reported  concentration  (0.178  mg/L)  was  for  a  sample  from  the  Irondale  Ouldi  drainage 
basin  at  Storm  Sewer  ^W12(X)4)  on  March  8,  1990. 

4.2.6.8  Sulfate 

A  total  of  27  san^les  were  analyzed  for  sulfate  during  the  spring  sampling  event.  Hiere  were  27 
reported  concentrations  exceeding  the  CRL.  The  maximum  reported  concentration  C2S70  mg/L)  was  for 
a  sanq>le  from  tiie  Irondale  Gulch  drainage  basin  at  Soudi  Plants  Water  Tow«  Pond  (SW01(X)2).  The 
minimum  retorted  concentration  (43.7  mg/L)  was  for  a  sample  from  die  Irondale  Gulch  drainage  basin 
at  Upper  Dtfby  Lake  (SW01(X)4). 

A  total  of  13  sanples  were  analyzed  for  sulfate  during  the  fall  sampling  event.  There  were  13  reported 
concoitrations  exceeding  the  CRL.  The  maximum  i^>orted  concentration  ^000  mg/L)  was  for  a  sample 
from  the  First  (]redc  drainage  basin  at  North  First  Credc  (SW24(X)2).  The  minimum  repotted 
concmitration  (27.2  mg/L)  was  for  a  sample  from  the  Irondale  Gulch  drainage  basin  at  Nortii  Uvalda 
Intmcqitor  (SWOlOOl). 

A  total  of  22  sanples  were  analyzed  for  sulfate  during  die  high  event  sampling.  Thm  wm  22  repotted 
concmitrations  exceeding  die  CRL.  The  maximum  rqprted  concmitration  (480  mg/L)  was  for  a  sanple 
from  die  First  Cxetk  drainage  basin  at  First  Ocedc  Off-Post  (SW37001)  on  Novembm’  29,  1989.  The 
minimum  rqiorted  concentration  (1.52  mg/L)  was  for  a  sample  from  die  South  Platte  drainage  basin  at 
Basin  F  (SW26001)  on  August  19,  1990. 

4.2.7  Total  Water  Chemictry  Calculaticws  for  Maj(»i  iNcntoANic  CkwsTTTUBNTS. 

Water  chemistry  calculations  that  woe  p^formed  on  field  and  major  inorganic  constituent  results  from 
the  spring,  fall,  and  hi^  sampling  evmits  are  presmited  bdow.  Calculations  include  carbonate  and 
bicarbonate  concentrations  and  an  ion  balance  analysis.  Table  4.2-4  summarizes  these  calculations. 
These  calculations  provide  information  for  comparative  interpretation  of  the  surface-water  chemical 
dliaracteristics  of  investigative  samples  and  for  validation  of  die  analytical  and  fidd  program  results  for 
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TiM«  4.2-4  GriedMioiii  for  iDorganic  CooftfoMots,  Water  Year  1990 


Saaoidiiig  Location 

COj 

®1) 

HCXX 

(n«/0 

Cation 

Sum 

(meqA) 

Anion 

Sum 

(meq/l) 

Chtfse-Balanoe  Error 

Actual 

Value 

(%) 

AlMOlute 

Value 

(%) 

SnrimrSmipliiig  Event 

Imndrie  flaldi  nralnege  BMfai 

SWOlOOl 

NA 

306 

8.80 

9.19 

2.1 

2.1 

SW010Q2 

NA 

382 

68.14 

78.91 

7.3 

7.3 

SW02006 

45.6 

155 

9.17 

9.83 

3.5 

3.5 

SWllOOl 

NA 

148 

5.15 

4.80 

-3.6 

3.6 

SW110Q2 

63.6 

95.2 

13.66 

11.73 

-7.6 

7.6 

SW11003 

NA 

36.6 

2.17 

4.37 

33.7 

33.7 

Firat  Creek  Drehaga  BMin 

SWOSOOl 

NA 

311 

8.83 

8.48 

-2.0 

2.0 

SW08003 

15.6 

292 

9.30 

8.86 

-2.4 

2.4 

SW24001 

NA 

204 

8.12 

7.28 

-5.4 

5.4 

SW24002 

NA 

379 

13.60 

13.03 

-2.2 

2.2 

SW24003 

108 

0 

26.12 

23.17 

-6.0 

6.0 

SW24004 

24 

349 

14.29 

13.51 

-2.8 

2.8 

SW30002 

NA 

401 

12.62 

13.10 

1.9 

1.9 

SW31001 

14.4 

361 

11.50 

11.86 

1.5 

1.5 

SW310Q2 

NA 

460 

10.79 

12.94 

9.1 

9.1 

SW37001 

56.4 

318 

18.01 

17.82 

-0.5 

0.5 

Sniith  Pitta  PraiMye  Batin 

SW36001 

NA 

279 

9.78 

9.64 

-0.7 

0.7 
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4.2-4  Cilculatioiis  fK  Mi^jor  Inoffanic  Constituents,  Water  Year  1990  (condmwd) 


Charge-Balance  Error 
Catkm  Anion  Acdial  Absolttfe 

COt  HCOj  Sum  Sum  Value  Value 

Sampling  Locatioa  (mgA)  (mg/1)  (mMl/1)  (nmqA)  (%)  (%) 


FallSamnlingBvmt 


fmodale  Gulch  Drainage  Basin 

SWOlOOl 

NA 

112 

SW02001 

9.6 

139 

SW02006 

38.4 

29.3 

SWllOOl 

45.6 

32.9 

SW110Q2 

54 

0 

SW12001 

NA 

273 

SW12004 

NA 

59 

SW12005 

NA 

224 

First  Creek  Drainage  Baain 

SW08003 

NA 

372 

SW24001 

NA 

149 

SW240Q2 

NA 

512 

SW37001 

NA 

350 

South  Platte  Drainage  Basin 

SW36001 

NA 

157 

High  Event  Sampling 

SWIIOOIST  03/06/90 

NA 

20.7* 

SW11001ST2  03/13/90 

NA 

30.5 

SW11002ST  03/06/90 

NA 

21 

2.53 

3.15 

10.9 

10.9 

5.80 

6.82 

8.1 

8.1 

5.69 

7.02 

10.4 

10.4 

1.98 

3.33 

25.3 

25.3 

3.06 

4.28 

16.5 

16.5 

7.19 

8.06 

5.7 

5.7 

2.23 

2.43 

4.3 

4.3 

6.12 

6.05 

■0.6 

0.6 

9.46 

10.58 

5.6 

5.6 

4.76 

5.65 

8.5 

8.5 

62.29 

63.40 

0.9 

0.9 

19.99 

18.45 

-4.0 

4.0 

7.74 

7.48 

-1.7 

1.7 

0.60 

0.75 

10.5 

10.5 

1.64 

1.72 

2.4 

2.4 

0.68 

0.73 

4.0 

4.0 
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Tabto  4.14  CileolatioM  Ibr  Mi^  taoegaaie  Comtituenti,  W«ar  Year  1990  (conHiied) 


Charge-Balance  Error 
Cation  Anion  Actual  Absolute 

GOi  Sum  Sum  Value  Value 

Sampling  Location  (mg/1)  (mg/1)  (meq/1)  (meq/1)  (X)  (X) 


High  Event  Sanpling  (continued) 


SW110Q2ST2 

03/13/90 

28.8 

8.5* 

1.44 

2.14 

19.5 

19.5 

SW12004ST 

03/08/90 

NA 

20* 

1.44 

1.48 

1.4 

1.4 

SW12005ST 

03/08/90 

NA 

51* 

1.92 

2.25 

7.9 

7.9 

SW120Q5ST2 

03/13/90 

NA 

81* 

2.25 

2.63 

7.7 

7.7 

SW12006ST 

07/21/90 

NA 

16 

0.56 

0.46 

-9.9 

9.9 

Fint  Omk  Dniaan  Baaia 

SW060Q2 

07/18/90 

NA 

123 

4.51 

4.52 

0.1 

0.1 

SWOd002STl 

07/27/90 

NA 

no 

3.86 

3.98 

1.5 

1.5 

SW08003ST 

03/09/90 

NA 

328* 

8.69 

9.68 

5.4 

5.4 

SW08003ST2 

05/30/90 

NA 

205 

5.27 

5.75 

4.4 

4.4 

SW08003ST3 

07/10/90 

NA 

217* 

5.30 

6.28 

8.4 

8.4 

SW24002ST 

03/09/90 

NA 

344* 

11.16 

12.08 

3.9 

3.9 

SW37001ST 

03/09/90 

NA 

276* 

12.30 

12.63 

1.3 

1.3 

Switti  Flittte  Pf ginggg  BMin 

SW26001ST 

03/13/90 

1.2 

148* 

3.63 

4.29 

8.3 

8.3 

SW26001ST2 

08/19/90 

80.4 

62.2* 

11.23 

3.96 

47.9 

47.9 

Caibonate 
Bicarbonate 
pH  less  ttian  8.3 
milligram  per  liter 
millieqpiivaleiits  per  liter 
percent 

AlUinily  measurement  at  pH  4.3  was  not  analyzed.  Alkalinity  measurement  at  pH  4.5  was  used 
fyr  caldua^  of  bicarbonate  concentration. 
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nuyor  inorginic  oonsthucots.  Calculatioiis  were  perfonned  oo  47  samples  for  whidi  carbonate  system 

species  coaoentrations  could  be  calculated  and  for  whidi  nuyor  inorganic  constituent 

analyses  remits  were  available.  An  explanation  of  mediodologies  used  in  the  calaUadons  is  also 

provided. 

4.2.7. 1  Crtonite  Svam  Spcciw 

The  contributkm  of  catbonate  species  to  an  aqueous  system  is  dependent  on  the  pH  of  diat  system. 
Phenolplidialdn  and  total  alkalinity  are  terms  that  rdate  to  the  acid-neutralizing  capac^  of  the  aqueous 
system  caused  by  die  presence  of  carbonate  and  bkaibonate  ions.  Fhenolfdifoalein  and  total  alkalinity 
are  measured,  and  the  catbonate  specks  are  dien  calculated  according  to  die  relative  results.  For 
exanple,  waters  widi  pH  less  than  8.3  have  no  phenolphthaldn  alkalinity,  and  the  bicarbtmate 
concentration  (as  CaCX>3)  is  die  total  alkalinity  (AFHA,  1985).  The  actual  bicarbonate  concentration  On 
mg/L)  in  waters  widi  pH  less  than  8.3  is  a  factor  of  1.22  hi^er  dian  die  total  alkalinity  to  account  for 
the  stoidiiometric  conversion  from  Ca003  to  bicarbonate.  In  diis  study,  33  samples  had  a  measured  pH 
less  than  8.3,  and  die  corresponding  bicarbonate  concentrations  were  calculated.  Waters  widi  pH  greater 
than  8.3  have  a  phenolphdialdm  alkalinity  and  a  total  alkalinity.  The  concentration  of  the  carbonate 
spedes  is  dependent  on  die  magnitude  of  the  two  alkalinities.  In  diis  study,  die  phenolidithalein  alkalinity 
was  less  than  one-half  the  total  alkalinity,  and  die  calculation  of  die  carbonate  species  was  as  follows: 

[CO-3I  »=  (2xP)x0.60 
CHCO-al  =  (T  -  2  X  P)  X  1.22 

where  [00*3]  is  the  concentration  of  die  carbonate  ion,  P  is  the  phenolphthalein  alkalinity,  0.60  is  the 
stoidiiometric  conversion  foctor  for  carbonate,  [HCOr3]  is  the  concentration  of  the  bicarbonate,  T  is  the 
total  alkalinity,  and  1.22  is  the  stoichiometric  conversion  foctor  for  bicarbonate.  Thirtemi  sanq>les  had 
measured  pH  values  greater  than  8.3,  and  die  corresponding  carbonate  and  bicarbonate  calculations  woe 
performed. 

The  results  of  die  calculations  for  die  carboiutte  system  species  are  shown  in  Table  4.2-4.  One  sanq>le 
collected  during  die  spring  sanqtling  event  (SW1200S)  and  diree  sanqiles  collected  during  high  evmts 
(SW01002ST2,  March  13,  1990;  SW04001ST,  July  9,  1990;  and  SW11002ST,  July  9,  1990)  had  a 
measured  pH  greater  dian  8.3,  but  die  phenolphdialein  alkalinity  was  not  nMasured  in  the  fidd;  therefore, 
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accurate  cartKmate  and  bicarbonate  ion  concentrations  could  not  be  calculated.  Bteaibonate  alkalinity 
conomtrations  were  calculated  using  a  pH  Midpoint  of  4.S  for  1 1  high  event  samples  that  were  not  titrated 
to  a  pH  Midpoint  of  4.3.  These  samples  are  as  follows:  from  die  Irondale  Ouldi  drainage  basin,  Peoria 
IntMCQitor  (SWl  1001,  March  6,  1990),  Havana  Intercqptor  (SWl  1002,  March  13,  1990),  Storm  Sewer 
(SW12004,  March  8,  1990),  and  South  Uvalda  (SW1200S,  March  8,  1990  and  March  13,  1990);  from 
die  First  Creek  drainage  basin,  Soudi  First  Creek  (SW08003,  Mardi  9,  1990  and  July  10,  1990),  North 
First  Creek  (SW24002,  March  9, 1990),  and  First  Creek  Off-Post  (SW37001,  March  9, 1990);  and  from 
the  South  Platte  drainage  basin.  Basin  F  (SW2600i,  March  13, 1990  and  August  19, 1990).  The  results 
of  the  carbonate  and  bicarbonate  calculations  are  reported  below  by  sampling  event. 

Calculated  carbonate  concentrations  for  samples  collected  during  die  spring  sampling  event  range  from 
14.4  mg/L  to  108  mg/L.  The  minimum  value  (14.4  mg/L)  corresponds  to  a  saoqile  collected  from  First 
Credt  drainage  basin  at  First  Creek  Toxic  Yard  A  (SW31001),  and  die  maximum  value  (108  mg/L) 
corresponds  to  a  sample  collected  from  First  Creek  drainage  basin  at  Nordi  Bog  (SW24(X)3).  Calculated 
bicarbonate  concentrations  for  samples  collected  during  die  spring  sampling  evMit  ranged  from  0  mg/L 
to  460  mg/L.  The  minimum  value  (0  mg/L)  corresponds  to  a  sanq^le  collected  from  First  Creek  drainage 
basin  at  Nordi  Bog  (SW24003),  and  the  maximum  value  (460  mg/L)  corresponds  to  a  sample  collected 
from  First  Creek  drainage  basin  at  First  Creek  Toxic  Yard  B  (SW31002). 

Calculated  carbonate  concMitrations  for  samples  collected  during  the  fall  sampling  event  range  from  9.6 
mg/L  to  4S.6  mg/L.  The  minimum  value  (9.6  mg/L)  corresponds  to  a  sample  collected  from  Irondale 
Gulch  drainage  basin  at  Ladora  Weir  (SW02001),  and  the  maximum  value  (45.6  mg/L)  corresponds  to 
sample  collected  from  Irondale  Gulch  drainage  basin  at  Peoria  IntMrcqptor  (SWl  1001).  Calculated 
bicarbonate  concMitrations  for  samples  collected  during  die  fall  sampling  evMit  range  from  0  mg/L  to  512 
mg/L.  The  minimum  value  (0  mg/L)  corresponds  to  a  sample  collected  from  Irondale  Guldi  drainage 
basin  at  Havana  IntMC^tor  (SWl  1002),  and  the  maximum  value  (512  mg/L)  corresponds  to  a  sample 
collected  from  First  Creek  drainage  basin  at  North  First  Creek  (SW24(X)2). 

(Calculated  carbonate  concMitrations  for  samples  collected  during  high  event  sampling  range  from  1.2 
mg/L  to  80.4  mg/L.  The  minimum  value  (1 .2  mg/L)  corresponds  to  a  sample  collected  from  South  Platte 
drainage  basin  at  Basin  F  (SW26001ST;  March  13,  1990),  and  the  maximum  value  (80.4  mg/L) 
corresponds  to  sample  collected  from  Soufo  Platte  drainage  basin  at  Basin  F  (SW26001ST2;  August  19, 
1990).  (Calculated  bicarbonate  concentrations  for  samples  collected  during  storm  sampling  event  range 
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from  8.5  n^/L  to  344  mg/L.  The  miniimim  value  (8.5  mg/L)  corresponds  to  a  sample  collected  from 
frondale  Ouldb  drainage  basin  at  Havana  Interce{Mof(SW11002ST2;Mardi  13, 1990),  and  the  maximum 
value  (344  mg/L)  corresponds  to  a  sanq>le  collected  from  First  Creek  drainage  basin  at  NorOi  First  Creek 
(SW240Q2ST;  March  9,  1990). 

4.2.7.2  Ion  Balance  Calculations 

Ion  balance  calculations  are  based  on  principles  of  electroneutrality  for  which  a  balance  of  molar 
concentrations  ofposHivdy  and  negatively  diat:gedionkq>ecies  can  be  derived.  Ion  balance  calculations 
consist  of  amvorting  nuyor  inorganic  consthuent  results  to  milliequhraleots  per  liter  (meq/1),  summing 
foe  cation  and  anion  fractions,  and  statistically  comparing  foe  results.  Parameters  used  in  performing  ion 
balance  calculations  included  rqwrted  concentrations  for  calcium,  magnesium,  sodium,  potassium, 
chloride,  sulfide,  fluoride,  nitrate-nitrite  (as  N),  carbonate,  and  bicarbonate.  It  should  be  noted  foat  foe 
ion  balance  analysis  presented  herein  is  based  on  total  recoverable  analyses  for  migor  inorganic 
constituents,  whereas  foe  principles  of  electroneutrality  qiply  to  dissolved  concentrations.  The  basis  for 
foe  performance  of  foe  ion  balance  analysis  is  foe  observation  during  Watm  Year  1988  and  1989  that, 
in  general,  foere  were  no  igipreciable  differences  between  foe  dissolved  and  total  concentrations  of  major 
inorganic  constituents  (RLSA,  1990a  and  1990b). 

A  summary  of  die  ion  balance  calculations  is  shown  in  Table  4.2-4.  Conqilete  information  r^arding  ion 
balance  calculations  is  provided  in  Appendbc  B.  Summary  Table  4.2-4  shows  foe  cation  and  anion  totals 
for  each  sanq>le  in  meq/1  and  foe  percent  difference  between  foese  totals.  Percmit  differences  are  known 
as  foe  "charge-balance  error,"  commonly  e]q>ressed  as  foe  diff»ence  between  foe  anion  and  cation  totals 
divided  by  foe  sum  total  (Freeze  and  C3ierry,  1979).  Ute  actual  charge-balance  orror  and  foe  absolute 
value  of  foe  calculated  charge-balance  mror  are  listed  for  each  sanq>le.  The  charge-balance  error 
indicates  foe  magnitude  and  direction  of  deviation  between  cation  and  anion  species,  wifo  positive 
numbers  rqnesenting  samples  in  which  foe  anion  total  exceeds  foe  cation  total.  A  review  of  foe  actual 
values  for  the  charge-balance  error  listed  in  Table  4.2-4  indicates  foe  anion  total  exceeded  foe  cation  total 
in  32  samples  and  foe  cation  total  exceeded  foe  anion  total  in  15  samples.  The  absolute  value  of  foe 
chargobalance  mror  indicates  foe  magnitude  of  foe  difimence  between  foe  two  totals. 

A  critmion  of  less  than  5  pmcmit  is  gmimally  acc^ted  as  indicative  of  favorable  analytical  results  wifo 
respect  to  foe  absolute  diarge-balance  error  (Freeze  and  Cherry,  1979).  Ion  balance  calculations  indicate 
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that  SI  porcent  of  3aflD^)le  resultt  meet  this  criteria.  Twenty-four  8ai]4>le8  had  absolute  charge-balance 
errors  that  were  less  than  S  percent.  Of  dm  remaining  ion  balance  calculations,  IS  samples  had  absolute 
charge-balance  errors  between  S  and  10  percent,  and  ei^t  samples  had  absolute  charge-balance  wrors 
greatK^  dian  10  pncent.  Eighteen  samples  had  absolute  charge-balance  mors  greater  dian  6  percent, 
which  are  assumed  indicative  of  analytical  error.  Fourteen  of  die  18  samples  had  positive  charge-balance 
errors,  indicating  the  anion  total  exceeds  the  cation  total.  This  type  of  charge-balance  error  may  occur 
for  die  following  reasons:  (1)  the  analytical  suite  may  not  include  all  positively  charged  species  that 
contribute  to  the  sum  of  cation  charges  O^.e.,  iron,  manganese,  aluminum,  etc.,  woe  not  analyzed  in  die 
surface-water  sanqiles)  or  (2)  concentrations  that  are  dose  to  die  method  concentration  limit  are  subject 
to  larger  potmitial  mors  in  analysis  dian  concentrations  diat  greatly  exceed  the  mediod  concentration 
limit.  A  diird  factor  diat  may  bias  die  results  of  die  charge  balance  is  the  pot^tial  for  error  in  tidd 
alkalinity  titrations.  Laboratory  titrations  of  alkalinity  on  samples  with  alkalinity  concentrations  of 
approximatdy  800  mg/L  (as  CaCOs)  and  1000  mg/L  (CaCO^  may  be  subject  to  analytical  error  of  up 
to  plus  or  minus  10  and  8  percent,  respectivdy,  at  the  95  percent  confidence  levd  (APHA,  1985).  Errors 
in  field  titrations  may  be  expected  to  be  greats  than  those  observed  in  the  laboratory  because  of  natural 
intnfermces  in  sample  conqiosition  and  variations  in  fidd  san^le  handling.  The  positive  charge  balance 
errors  may  be  mtylained,  in  part,  by  diese  foctors. 

Ion  balance  calculations  were  used  to  cross-check  database  values  and  fidd  results.  Initial  ion  balance 
calculations  indicated  a  cation  sum  problon  for  sanq)le  SW26001ST2.  A  review  of  the  database  revealed 
a  high  concentration  of  TSS  (19(X)  mg/L).  It  is  likdy  diat  particulates  contributing  to  die  TSS  bad  cations 
sorbed  onto  charged  surfaces  that  woe  rdeased  to  the  ionic  state  upon  acidification  of  die  unfiltmed 
sample.  This  process  results  in  an  increase  in  die  measured  cation  concentration  and  is  a  plausible 
explanation  of  die  significant  negative  diarge-balance  mor. 

4.3  SEPIMEKT  TRANSgQRT 

This  section  presents  the  Water  Year  1990  results  for  total  suspended  sedimmt  quantity  and  stream 
bottom  sediment  quality  at  RMA.  TSS  analyses  were  performed  on  72  samples  obtained  at  29  sites  with 
flowing  water.  Three  mediods  of  collection  woe  used  for  TSS  sampling.  Analyses  of  stream  bottom 
sediment  quality  were  performed  on  16  samples  and  one  duplicate  diat  had  been  collected  at  nine  sites 
during  the  fall  and  spring  sampling  evmts. 
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4.3.1 


Sediment  QuANimr 


TSS  samples  were  collected  during  the  spring,  tall  and  high  event  sampling  periods  of  Water  Year  1990. 
Table  3.2-1  lists  the  sites  from  which  TSS  samples  wett  collected.  TSS  samples  were  also  collected 
during  the  surfsco-water/ground-water  interaction  study  (gain/loss)  along  First  Credc  in  June  1990. 
Results  of  die  TSS  samples  that  were  collected,  corresponding  flow  rates  and  flow  characteristics  are 
summarized  in  Table  4.3-1. 

Eighteen  TSS  samples  were  collected  during  the  spring  using  the  grab  mediod,  seven  of  these  samples 
had  TSS  concmitrations  greater  than  the  certified  recording  limit  (CRL  =  4.00  mg/L).  Twmity-six  TSS 
sanqiles  were  collected  at  13  locations  in  die  fall  using  the  grab  method  in  conjunction  with  the  DH-48 
mediod.  Nine  sanqiles  out  of  die  26  w^e  bdow  die  CRL  during  this  sampling  pmod  with  five  below 
CRL  from  die  grab  mediod  and  four  below  CRL  from  die  DH-48  method.  Nineteen  high  event  TSS 
samples  were  collected  in  Watmr  Year  1990  during  sunmm  diunderstorms,  snowmdt  periods  or  whm 
thoe  was  flow  of  water  at  locations  normally  dry  most  of  the  year.  The  high  event  TSS  samples  w^e 
collected  predominandy  using  die  grab  mediod,  although  two  samples  were  collected  by  the  ISCO 
automated  sampler.  Of  the  nineteen  high  event  TSS  samples  that  were  collected  throughout  Watrar  Year 
1990,  only  two  wne  bdow  die  CRL.  During  the  Gain/Loss  study  along  First  Creek  conducted  in  June, 
all  nine  TSS  samples  wo^e  collected  by  the  DH-48  samplm'  and  five  wm«  above  die  CRL. 

A  comparison  of  TSS  collection  equipmoit  was  p^formed  during  die  fall  sampling  event.  Thirtemi  TSS 
san^les  were  collected  using  a  DH-48  sample  and  13  wen  collected  using  a  grab  m^od  at  the  same 
location.  Mediodology  of  these  sampling  methods  is  detailed  in  Section  3.0.  Out  of  13  grab  samples 
eight  samples  were  above  die  CRL  and  out  of  13  DH-48  samples  nine  were  above  the  CRL.  The  TSS 
concentrations  of  these  samples  are  summarized  in  Table  4.3-1.  The  average  TSS  for  the  grab  method 
samples  diat  were  above  the  CRL  was  253  mg/L.  The  average  TSS  for  the  DH-48  method  samples  that 
were  above  the  CRL  was  236  mg/L.  Out  of  the  thirteen  sites,  four  sites  had  equal  TSS  concentrations. 
Out  of  the  rmnaining  nine  sites,  one  site  had  a  differoice  in  TSS  concentration  of  96  mg/L  and  the 
renaming  eight  sites  had  a  n^  diffm^nce  of  4  mg/L. 

A  comparison  of  TSS  quantities  versus  flow  rate  RMA  wide  indicates  no  correlation.  At  RMA  TSS 
amounts  are  more  d^iendent  on  the  nature  of  the  drainage  and  when  the  flow  occurred  than  on  the 
amount  of  flow.  Basin  F  had  a  TSS  concentration  of  1900  mg/L  at  a  flow  rate  of  0.57  cfo  when  a  high 
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Location  Location  Sampling  Collection  TSS  Flow  Rate 

Number  Name  Evmit  Date  Mediod  (mg/l)  (cfs) 
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NA  s  Not  available 


event  sanq>le  was  collected  in  August  1990  CTable  4.3-1).  Iliis  station  has  sparse  v^etatbn  in  its 
drainege  area  hence  a  significant  amount  of  TSS  was  transported.  Havana  Imerceptor  had  a  TSS 
concentration  of  320  mg/L  in  a  sanq>ie  collected  at  a  flow  rate  of  12S  cfs  during  a  July  rain  storm. 
Havana  Interceptor’s  drainage  area  contains  mainly  commercial  and  light  industrial  zones  with  a  large 
amount  of  pavonmit,  hmce  a  small  amount  of  TSS  was  transported  even  with  a  very  high  flow. 

4.3.2  Sediment  Quauty 

Stream  bottom  sediment  sanqiles  were  collected  at  ei^t  sampling  locations  during  the  1990  spring 
sanqiling  event  and  at  three  sanqile  locations  during  the  M.  Table  3.2-1  lists  the  sites  from  v^ich  strum 
bottom  sediments  were  collected  during  Watn  Year  1990.  Table  3.2-2  summarizes  analytical  sediment 
metiiods  and  CRLs  tiiat  were  used  by  DataChem  and  ESE  laboratories. 

The  distributions  of  target  organic  conqmund  and  trace  inorganic  constituent  concentrations  during  tiie 
spring  and  fall  1990  sanqiling  events  are  discussed  bdow.  The  concentrations  tiiat  uceeded  the  CRLs 
are  rqmrted  in  tiiis  section.  Table  4.3-2  lists  tiie  target  organic  compounds  for  which  sedimut  san^Ies 
were  analyzed.  Target  organic  conqxiund  concutrations  that  uceeded  the  CRLs  are  summarized  in 
Table  4.3-3,  and  target  trace  inorganic  constituoit  concuttrations  tiiat  exueded  the  CRLs  are  summarized 
in  Table  4.3-4.  Figure  4.3-1  shows  tiie  geogn^hic  distribution  of  target  organic  conqiounds  and  trace 
inorganic  conqiounds  that  were  r^rted  during  tiie  spring  and  fall  1990  sanqiling  events.  The  following 
discussions  summarize  tiie  analytical  results  by  compound  and  sampling  evut  for  all  sample  results  that 
m^  CMP  QA/QC  requirements.  A  discussion  of  the  QA/QC  protocol  and  a  summary  of  the  rejected  data 
are  provided  in  Section  4.5. 

4.3.2.1  Organic  Compounds 

The  sediment  samples  were  analyzed  for  the  groups  of  target  organic  compounds  listed  in  Table  4.3-2. 
Sevual  conqiounds  from  the  organochlorine  pesticide  group  and  DBCP  were  r^rted  at  concmitrations 
exceeding  tiie  CRLs  in  the  sedimrat  samples.  The  concmitrations  of  these  conqiounds  are  discussed 
below  by  sampling  evmit. 
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Table  4.3-2  CMP  Sedimem  List  of  Target  Organic  Compounds  by  Method 


Volatile  OrganohalQgen  Method 

1 . 1- Dichloroelhane 

1 . 1- Didiloroetheoe 

1 . 1 . 1 - Trichloroethane 
1 , 1  >2-Trichloroediane 

1 .2- Dichloroediane 

1.2- Didiloroelheae 
Carbon  tetradiloride 
Chlorobenzene 
Chloroform 
Methylene  chloride 
Tetrachloroedimie 
Trichloroelhene 


Hydrocarbon  Method 

Di^clopeotadieoe  CDCPD) 
MemylisobuWlketone 
Bkyaoheptadkne  (BC^D) 


OrganophosDhonis  Pesticides  Compound 

Atrazine 

Malatiiion 

Parafoion 

Supona 

Vapona 


Volatile  Aromatic  Method 

Bename 
Efoylbenzoie 
Toluene 
Xylenes  (o,p) 


Phosohonate  Method 


Dii 


tmg^^lmediylphosphonate 


Dimethylmethylrdiosidionate 

(DMMP) 


Oreanosulfur  Compound  Method 

DBCP  Method 

1.4- Ditiiiane 

1.4- Oxatiiiane  Dibromochloroprq>ane  Q>BCP) 

Blnizofoiazole 

Dimethyldisulfide 

p-Chloropho^lmethylsulfone 

p-Chlorophenylmethylsulfoxide 

p-Chlorophenylmetiiylsolflde 


Oreanochlotine  Pesticide  Method 

Aldrin 

Chlordane 

Dieldrin 

Endrin 

Hexachloro^clopentadiene 

Isodrin 

2.2- Bis(parachlorOTheOTl)-l ,  1- 
dichloroethmie  (PPDD^ 

2.2- Bis^aradilotmheOTl>-l ,  1 1 1  - 
tridiloroetiiane  (PPDI>T) 
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of  Tttiat  Ocgmic  Conyounito  in  Strann  Bottom  Sediment  Sam^,  Wmer  Year  1990 


Sana^ing 

l4lC»KWt 

Sampling 

Eveitt* 

Compound 

Concentration 

Irandite  CuMi  Prainiw  BMin 

SW01002B 

Siting 

Aldrin 

3.30 

Chlordane 

0.340 

DBCP 

0.0132 

Dkldrin 

1.20 

0.0410 

laodrin 

Sowing 

Aldrin 

Chlordane 

0.880 

Dieldrin 

0.880 

Endrin 

0.0550 

bodrin 

0.0360 

PPDDE 

0.0160 

Fall 

Aldrin 

0.881 

Chlordane 

0.160 

OjSCP 

0.00287 

Diddrin 

0.291 

Endrin 

0.0180 

bodrin 

0.0207 

PPDDE 

0.0168 

PPDDT 

0.132 

SWIIOOIB 

Fall 

DBCP 

0.00667 

SW12004B 

Fall 

Chlordane 

0.0358 

Dieldrin 

0.00240 

SW1200SB 

Siting 

Aldrin 

0.0540 

bodrin 

0.00880 

Fim  Cmk  JniMW  Baiin 

SW08003B 

Spring 

Aldrin 

0.0100 

Dieldrin 

0.00504 

SW24002B 

Spring 

Diddrin 

0.00383 

SW37001B 

Spring 

DBCP 

0.0145 

Tibto  4.3-3  OocttcranoM  of  Ttffet  Organic  Confounds  in  Stream  Booom  SedimeatSoBirtet,  Water  Year  1990 
(continued) 


Sami^iiV  Samidiw  Concentration 

Location  Event*  Compound 


SW36001B  Spring 


Aldrin 

4.90 

C3il<»dane 

11.0 

DBCP 

0.110 

Diddrin 

1.70 

laodrin 

1.30 

PPDDE 

0.100 

^  ^ring  -  April  12  throui^  19, 1990 
^  -  September  4  dtrou^  Mptenober  7, 1990 


alb  : 

PPDDE 
CL6CP 
PM)DT 


mictognim  per  gram 
dibtomodiloropropane 
2,2-^i8(paradiioroidieOTl)-l,  l-dichloroedieoe 
heocadilorocifclopaitadnM 
2,24>ia(parawor(^dtenyl)-l,  1 , 1-tridiloroedume 
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SW01002B 


SW02006B 


swnooiB 


SW12004B 


SW1200SB 


SW240Q2B 


SW37001B 


SW36001B 
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MS/g 
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sowing 


Spring 


Confound 


Aneoie 

ar 

Merouy 

Zinc 

SST 

Mercuiy 

Zinc 

I 

Mercoiy 

Zinc 


Spring 


Spring 


Spring 


Spring 


Spring 


Arsenic 

Lead 

Arsenic 

Lead 

Mercury 


Arsenic 

Lead 

Mercury 

Zinc 


April  12  dmmgb  April  19,  1990 
SwtNnber  4  inrou|p  Sq>tmb«  7,  1990 
m^grams  per  gram 


Concentration 

(Ag/g) 


1.8S 

187 

27.9 

0.137 

114 


2.27 

13.1 

0.0382 


28.0 

87.0 

0.940 

264 


Aliliffl 


Five  concwtratioiis  exceeding  the  CRLs  were  repotted  during  the  spring  san^>ling  event.  The  maximum 
reported  concentration  (4.90  for  a  sample  collected  from  foe  South  Platte  drainage  basin  at 

Basin  A  (SW36001;  4.90  f(g/g).  Ofoer  reported  concentrations  included  three  san:q>les  collected  in  the 
Irondale  Gulch  drainage  basin  at  Soufo  Uvalda  station  (SW1200S;  0.0540  /tg^g),  Soufo  Plants  steam 
effluent  (SW02006;  0.500  MS^g),  and  Soufo  Hants  Water  Tower  Pond  (SW01002;  3.30  /(g/g).  The 
miniimim  concentration  (0.0100  fig/g)  was  for  a  sample  collected  from  foe  First  Creek  drainage  basin 
at  Soufo  First  CIreek  monitoring  station  (SW08003). 

Hiere  was  one  reported  concentration  that  exceeded  foe  CRL  during  foe  frdl  sanqtling  event  for  a  sample 
from  foe  bondale  Gulch  drainage  basin  at  Soufo  Plants  steam  effluent  (SW02006;  0.881  ng/^. 

Of  eight  samples,  no  concoitrations  of  CL6CP  above  foe  CRL  wne  r^rted  during  foe  spring  san^ling 
event. 

One  concentration  exceeding  foe  CRL  was  rqwrted  during  foe  frdl  sampling  event  for  a  sanq>le  collected 
from  foe  Irondale  Gulch  drainage  basin  at  Soufo  Plants  steam  effluent  (SW02006;  0.00287  ^g/g). 

Chloriaiw 

Three  samples  with  concentrations  that  exceeded  foe  CRL  were  reported  during  foe  spring  sanqtling  event 
at  concentrations  ranging  from  0.340  ftg/g  to  ll.Oftg/g.  Ihe  maximum  rq>orted  concratration 
(11.0  |tg/g)  was  for  a  sample  collected  from  foe  Soufo  Platte  drainage  basin  at  Basin  A  station 
(SW36001).  O'  Iter  rqtorted  concentrations  woe  for  samples  obtained  from  foe  Irondale  Gulch 
drainage  basin  at  Soufo  Plants  Watw  Tower  Pond  ^W01002;  0.340  ftg/g)  and  Soufo  Plants  steam  effluoit 
(SW02006;  0.880 /tg/g)- 

Two  san^les  with  concentrations  that  exceeded  foe  CRL  w«e  retorted  during  foe  frdl  sampling  event 
were  collected  from  foe  Irondale  Guldi  drainage  basin.  The  maximum  r^rted  concentration 
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(P.ltiO  |ig/g)  was  fiir  a  naq^  ftom  South  Plattf  ttotm  etBaeat  (SWQZOOS).  Ihe  other  reported 
eonoealratioa  (0.0958  ftg/^  was  tx  a  sanqile  ftom  Storm  S*twer  tocatkMi  OSW12004). 

DBCP 

Three  oonceotrations  exceeding  the  CRL  were  reported  daring  the  q>riiig  sampling  evem.  The  maximum 
repented  concentration  (0.110  /ig/j^  was  ftn  a  sang>le  ftom  die  Soudi  Platte  drunage  basin  at  Basin  A 
statkm  OSW36001).  Other  reported  conoeotratkms  were  ft>r  san^les  ftom  die  Irondale  Gulch  drainage 
basin  at  Soodi  Plants  Water  Tower  Pond  (SW010Q2: 0.0132  ;ig/^  and  die  First  Credt  drainage  basin  at 
First  Creek  Off-Post  station  (SW37001: 0.0145  /tg/g). 

One  concentradem  exceeding  the  CRL  was  reported  daring  the  ftll  sampling  event  fiir  a  sanqile  ftom  the 
Irondale  Guldi  drainage  basin  at  Peoria  Intetceptor  OSWllOOl;  0.00667  fig/g). 

Diddrin 

Five  concentrations  exceeding  CRL  were  repotted  during  die  spring  sampling  event.  The  maximum 
reported  concentration  (1.70  fxg/g)  was  for  a  san^le  ftom  die  Soudi  Platte  drainage  basin  at  Basin  A 
station  (SW36001).  Other  reported  concentrations  in  die  First  Credt  drainage  basin  include  the  minimum 
reported  concentration  (0.00383  itg/g)  for  a  sanqile  ftom  North  First  Qedt  station  ^W24002)  and  a 
rqKirted  concentration  ftir  a  sanple  ftom  Soudi  First  Credt  station  (SW08003;  0.00S04  fig/g).  Two 
concentratiems  of  diddrin  were  reported*  for  sanqiles  ftom  Irondale  Guldi  at  South  Plants  steam  effluent 
(SW02006;  0.880  ftg/g)  and  Soudi  Plants  Water  Town  Pond  CSW01002;  1.20  /ig/g). 

Two  concentrations  above  die  CRL  were  rqxirted  daring  die  fall  sanqiling  event  for  a  sample  ftom  die 
bondale  Guldi  drainage  basin.  The  maximum  rqwrted  concentration  (0.291  ^g/g)  was  for  a  sample  ftom 
the  South  Plants  steam  effluent  (SW02006),  and  die  odier  r^rted  concoitration  was  for  a  sample  from 
die  Storm  Sewer  C5W12004;  0.00240  /tg/g). 

Fndrin 

Two  concentndions  above  die  CRL  were  reported  daring  die  spring  sanqpling  evmt  for  a  sample  from 
die  Irondale  Guldi  drainage  basin.  The  maximum  reported  concentration  (0.0S50  fig/g)  was  for  a  sample 
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fam  tfw  Swmi  nams  HMm  ^uent  ^W02006),  and  the  odur  rqwited  concentration  wu  for  a  sanq)le 
from  tile  Soutii  Plants  Water  Tower  Pond  (SW01002;  0.0410  /tg/g). 

One  oonoentration  above  tbe  CRL  was  reported  during  tifo  foil  sanqiling  event  for  a  sanqile  from  tiie 
bmidale  Ouldi  drainage  basin  at  Soutii  Plants  steam  effluent  CSW02006;  0.0180  MS^g). 

hodrin 

Four  ocmcentrations  exceeding  ti&e  CRL  were  reported  during  the  spring  sampling  event  at  concentrations 
ranging  from  0.00880  ftg/g  to  1.30  fig/g.  The  maximum  reported  concentration  (1.30  fig/g)  was  for  a 
sample  from  tile  South  Platte  drainage  basin  at  Basin  A  station  OSW36001).  Otiier  repotted  concentrations 
were  for  .minplea  from  the  Irondale  Oulch  drainage  basin  at  Soutii  Uvalda  station  (SW1200S; 
0.00880  fig/g;).  South  Hants  Water  Tower  Pond  (SW01(X)2;  0.0300  and  Soutii  Plants  steam 
effluent  (SW02(X)6;  0.0360  ng/g). 

One  concentration  above  the  CRL  was  reported  during  tiie  frdl  sampling  event  for  a  sanqile  from  tiie 
bondale  Oulch  drainage  basin  at  Soutii  Plants  steam  efflumit  (SWQ2006;  0.0207  fig/g). 

mm 

Two  concentrations  above  tiie  CRL  were  r^iorted  during  tiie  spring  sanqiling  event.  The  maximum 
reported  concentration  (0. 100  ftg/g)  was  for  a  sanqile  from  tiie  South  Platte  drainage  basin  at  Basin  A 
station  ^W36001).  The  otiier  rqmrted  concoitration  (0.0160  /tg/g)  was  for  a  sample  from  tiie  Irondale 
Oulch  drainage  basin  at  Soutii  Plants  steam  effluent  ^W02006). 

One  oonoentration  exceeding  die  CRL  was  reported  during  tiie  foil  sampling  event  for  a  sample  from  the 
Irondale  Guldi  drainage  basin  at  Soutii  Plants  steam  effluent  (SW02(X)6;  0.0168  fig/g). 

mm 

No  concentration  of  PPDDT  exceeding  the  CRL  was  reported  during  the  spring  sampling  event. 
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Oae  oooeaatntioB  exceediiiV  the  C3U.  WM  fciKKted  <!tori^  tfae  £dl  MflOfdinf  eveot  ficff  a  sanqte  fnMn  tbe 
boadide  OuMi  <baiiiafe  basiii  at  South  Plaots  steam  effluent  C5WQ2006;  O.I32Mg/g). 


4.3.2.2  Inorganic  Constituents  in  Stream  Bottom  Sadimanta 

Stream  bonmn  sediments  were  collected  from  locations  during  die  firing  sampling  event  and  from 
three  kwatfams  during  die  fdl  sampling  event  Samples  were  analyzed  for  the  trace  inorganic 
consdbients:  arsenic,  mercury,  cadmium,  dironuum,  copper,  lead,  zinc,  and  cyanide.  The  reported 
occurrences  of  diese  omsthnents  in  stream  bottom  sediment  samples  during  the  sprii^  and  fall  saiqiling 
events  are  summarized  in  Table  4.3-4  and  shown  on  Figure  4.3-1 .  The  following  discussions  summarize 
die  occurrences  of  each  inorganic  constituent  by  sanqiling  event  for  sample  results  diat  met  the  CMP 
QA/QC  requirements.  A  discussion  of  die  QA/QC  protocol  and  a  summary  of  rejected  data  are  provided 
in  Section  4.5. 

Arsenic 

Four  concentrations  exceeding  die  CRL  were  rqiorted  during  the  spring  sanqiling  evoit.  Ihe  maximum 
repotted  concentration  (28.0  /ig/g)  was  for  a  sanqile  from  die  South  Platte  drainage  basin  at  Basin  A 
station  ^W36001).  Other  repotted  concoitradons  were  for  sanqiles  from  the  First  Credr  drainage  basin 
at  First  Credc  Off-Post  station  (SW37001;  2.27  ^ig/^  and  Nordi  First  Oeek  station  (SW24(X)2; 
2.28  fig^g).  The  minimum  r^rted  concoitration  (1.85  ftg/g)  was  for  a  sample  from  die  Irondale  Gulch 
drainage  basin  at  Soudi  Plants  Water  Tower  Pond  (SW01(X)2). 

No  concentration  of  arsenic  exceeding  die  CRL  was  repotted  during  the  frdl  sanqiling  evmit. 

Qrimiiun  Jiri  Chromigm 

No  concentration  of  cadmium  and  diromium  exceeding  the  CRLs  was  rqiorted  during  either  die  spring 
or  frdl  sanqiling  event 
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Casm 

Two  concentrations  exceeding  die  CRL  were  reported  during  die  spring  san^ling  event  for  a  san^le  from 
the  Irondale  Guldi  drainage  basin.  The  rqiorted  concratrations  were  at  South  nants  Wato'  Tower  Pond 
(SW01002;  187  fig/g)  and  South  Plants  steam  efflumt  (SW02006;  131  ftg/g). 

No  concentration  of  copper  exceeding  die  CRL  was  r^rted  during  die  ftll  sampling  event. 

Lead 

Seven  concentrations  exceeding  die  CRL  were  rqiorted  during  the  spring  sanqiling  event.  The  maximum 
reported  concoitration  (96.7  ftg/g)  was  for  a  sample  from  the  Irondale  Gulch  drainage  basin  at  South 
Plants  steam  efQuoit  (SW02006).  The  minimum  rqxirted  concmitration  (9.36  ftg/g)  was  for  a  sample 
from  die  First  Credc  drainage  basin  at  Nordi  First  Credk  station  (SW24002).  Lead  was  rqiorted  for  a 
sample  from  First  Creek  drainage  basin  at  First  Credr  Off~Post  station  (SW37001;  13.1  ftg/g).  Lead  was 
also  rqxirted  in  a  sample  from  die  South  Platte  drainage  basin  at  Basin  A  (SW36001;  87.0  ftg/g).  Three 
additional  concentrations  of  lead  were  reported  in  san^les  from  die  Irondale  Gulch  drainage  basin  at 
South  Uvalda  station  (SW12005;  17.4  ftg/g),  Peoria  Interc^itor  station  (SWl  1001;  25.5  ftg/g),  and  Soudi 
Plants  Water  Tower  Pond  (SW01002;  27.9  ftg/g). 

Two  concentrations  exceeding  the  CRL  were  r^xirted  during  (he  fall  sampling  event  for  a  sample  from 
the  Irondale  Gulch  drainage  basin.  The  maximum  rqxirted  concmitration  (28.2  ftg/g)  was  for  a  sample 
from  Soudi  Plants  steam  effluent  (SW02006).  The  other  r^rted  concmitration  (13.1  ftg/g)  was  for  a 
sample  from  Storm  Sewn  (SW12004). 

Mercury 

Four  concentrations  exceeding  the  CRL  were  r^rted  during  the  spring  sampling  event.  The  maximum 
r^rted  concentration  (4.30  ftg/g)  was  for  a  sample  from  die  Irondale  Guldi  drainage  basin  at  South 
Plants  steam  ^uent  (SW02006).  Other  r^rted  concentrations  w^e  for  samples  from  the  First  Creek 
drainage  basin  at  First  Creek  Off-Post  station  (SW37001 ;  0.0382  ftg/g),  the  Irondale  Gulch  drainage  basin 
at  South  Plants  Water  Tower  Pond  (S WO 1002;  0.137  ftg/g),  and  the  South  Platte  drainage  basin  at  Basin 
A  station  (SW36(X)1;  0.940  ftg/g). 


SWAR-90.4 
Rev.  02/27/92 


-193- 


Ooe  ooBooMntkmcoDoeediiig  die  CXL  was  repotted  daring  the  fidl  smpling  eveirt  for  a  aanqile  from  the 
Ircmdde  Oulch  drainage  basin  at  Sootli  Plants  steam  effluoit  (SW02006;  3.67  MS^g). 


Zinc 

Five  oonoentratioiis  exceeding  the  C3UL  were  ratted  during  die  spring  sampling  evmit.  Ihe  minimum 
(67.9  ^g)  and  maximum  (306  /ig/g)  rqwrted  concentrations  were  for  samples  from  the  Iiondale  Gulch 
drainage  basin  at  Peoria  Interceptor  station  (SWllOOl)  and  South  Plants  steam  effluent  (SW02006), 
reflectively.  Other  reported  Irondale  Gulch  concoitrations  were  for  sanqiles  from  Soudi  Uvalda 
(SW1200S;  112  fig/^  and  South  Plants  Water  Tower  Pond  (SW01002;  114  n^g).  Zinc  was  reported 
for  a  sample  from  the  Soudi  Platte  drainage  basin  at  Basin  A  station  (SW36001;  264  /tg/g). 

Two  concentrations  exceeding  the  CRL  were  rqiorted  during  the  frdl  sanfiling  event  for  samples  from 
the  bondale  Gulch  drainage  basin.  Ihe  maximum  reported  concentration  (88.8  /ig/g)  was  for  a  sample 
from  Storm  Sewer  (SW12004),  and  die  minimum  reported  concoitration  (74.3  ng/g)  was  for  a  sacfile 
from  South  Plants  st«un  dfiuent  (SW()2006). 

4.4  SuRPACE-WaTBR/GROUND-WaTBR  iKrBRACnON 

In  order  to  assess  contaminant  migration  onto  and  off  of  RMA,  it  is  necessary  to  study  the  surfrice- 
water/ground-watw  interaction.  Ihe  surfoce-watw  dement  investigated  three  areas  on  RMA  where 
surfsce-water/ground-water  interaction  may  be  occurring.  Water  levds  obtained  from  Havana  Pond,  the 
South  Hants  Lakes  and  adjacent  wdls  were  compared  and  are  presoited  as  hydrogrfihs  in  Figures  4.4-1 
to  4.4-S.  A  gain/loss  study  was  p^formed  along  First  Creek  in  which  instantaneous  discharge 
nmasurements  wme  obtained  in  conjunction  widi  water  levd  data  from  nearby  wdls  to  determine  whediw 
die  creek  was  receiving  ground-water  discharge  or  recharging  to  ground  water.  Figure  3.4-1  shows  the 
location  of  die  wdls  and  suifsce-watw  sites  diat  were  used  in  this  study.  Tdile  3.4-1  lists  die  wdls  diat 
were  used  in  die  surfsce-watw/ground-watK  intoi^on  study. 

Lake  water  levds  wwe  observed  on  a  weddy  basis  and  water  levds  from  First  Creek  were  monitored 
continuously  at  three  gaging  stations.  Instantaneous  discharge  measuronmits  for  gain/loss  andysis  were 
obtained  in  April  and  June  1990  and  wdl  water  levd  data  wme  collected  in  February,  Mardi,  April, 
June,  July,  August  and  September  1990.  Ion  data  and  uiganic  data  from  surface-watn  and  ground-water 
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sanqries  were  not  obtained  at  the  same  time  in  WatK  Year  1990  hence  watw  chonistry  was  nc^ 
compared.  The  lakes  were  sampled  in  the  spring  of  1990  and  wdls  in  the  area  wne  sanq>led  in  die  fall 
of  1989.  The  diree  areas  diat  are  addressed  in  this  section  of  die  report  are  First  Credr,  Soudi  Plants 
Lakes  and  Havana  Pond. 

4.4.1  SURFACB-WAmt/GllOUND-WATBR  iNTBRACnCM  IN  THE  SOUTH  PLANTS  LAKBS  AND 

Havana  Pond  Areas 

The  hydrograph  of  Havana  Pond  and  nearby  wdls  that  are  completed  in  the  alluvium  (11002  and  11007) 
suggests  an  interaction  between  the  pond  and  ground  water  figure  4.4-1).  The  water  levds  in  die  wdls 
were  lower  dian  diose  of  die  pond,  suggesting  that  die  pond  is  recharging  die  ground  water  to  die  nordi 
and  west.  A  lack  of  wdls  on  the  east  and  south  sides  of  die  pond  predudes  a  determination  of  water 
movmnent  there.  A  calculation  of  Havana  Pond  water  that  had  entered  die  pond  after  a  storm  indicated 
diat  35.12  ac-ft  infiltrated  within  7  days. 

The  water  levds  that  were  obtained  from  Uppa  D^y  Lake  and  adjacent  alluvial  wdls  (01001,  01069, 
01070  and  01073)  indicate  interaction  betweoi  the  lake  and  ground  water  (Figure  4.4-2).  The  water 
levels  from  adjacoit  wdls  were  lower  dian  the  lake  indicating  that  die  lake  recharges  the  ground  water. 
Wdls  01070  and  01073  had  the  lowest  water  levd  devadons  suggesting  a  greater  potraitial  for  the  lake 
to  recharge  the  ground  water  to  the  west  and  northwest  in  the  direction  of  these  wdls.  Uppn  Dorby 
Lake  had  a  high  water  levd  in  July  when  a  large  volume  of  wtter  was  transported  to  die  lake  from 
Hi^ine  Lat^.  The  wdl  water  levds  did  not  mimic  the  lake  during  this  month  indicating  a  possible 
lag  time  before  die  ground  watmr  was  recharged. 

The  hydrognq;>h  of  Loww  Doby  Lake  and  nearby  wdls  (01024,  01028, 01049, 01070,  01073, 01074, 
01075  and  01076)  also  indicates  a  corrdation  between  the  lake  and  the  ground  water  (Figure  4.4-3).  Two 
of  diese  wdls  (01028  and  01076)  are  screened  in  die  Denv^  Formation  and  the  rmnainder  are  completed 
in  the  alluvium.  Water  levds  devations  in  Wdls  01028, 01049, 01075  and  01076  were  similar  to  Lower 
Derby  Lake’s  water  levd  most  of  the  year.  The  water  levels  from  Wdls  01070  and  01073  located  to  the 
east  and  nordi  were  goierally  hi^er  than  the  lake  levds.  Ground-wat^  levels  from  Wells  01024  and 
01074,  located  southwest  and  west  of  die  lake,  w««  lower  than  the  lake  levels.  This  data  indicates  that 
ground-water  disdiarges  to  the  lake  from  die  northeast  and  die  lake  recharges  the  ground  wator  to  the 
southwest.  Lower  D^by  Lake  was  maintained  at  a  low  stage  during  the  summer  of  WatN  Year  1990 
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to  allow  constrocdon  of  a  q[>iUwiy  on  its  noitfiweat  bank.  Due  to  this  activity,  Wells  0107S  and  01076 
wete  not  used  in  the  study  in  August  and  Septeober. 

Tht  water  levels  of  Ladora  Lake  and  nearby  wells  (02001, 02026, 02034, 02050, 02052, 02055, 02059 
and  02060)  show  a  rdationship  between  surfiKe  water  and  ground  water  (Figure  4.4-4).  All  wdls  are 
scremed  in  die  alluvium  excqit  Well  02060  which  is  soeened  in  die  Denver  Formadon.  Water  levds 
in  diis  well  mimicked  lake  levels  but  wore  higher  than  die  lake  levds  and  water  levds  in  die  other  wdls, 
induding  adjaooit  Wdl  02059.  The  water  levd  of  Ladora  Lake  was  higher  dian  die  wdls  located  on  its 
west  side  and  lower  than  those  along  its  northeast  side.  This  suggests  ground-water  discharges  to  die  lake 
from  die  east  and  northeast  recharges  from  die  lake  to  die  ground  water  towards  the  west. 

The  hydrogn^h  of  Lake  Mary  and  adjacent  alluvial  wdls  (02(X)8,  02050  and  02056)  indicates  ground¬ 
water  and  surfru:o-water  interaction  figure  4.4-5).  In  rdadonship  to  Lake  Mary  water  levds,  ground¬ 
water  levds  were  hi^er  soudieast  of  die  lake  (02050)  and  loww  nordiwest  of  die  lake  (02008).  These 
data  suggest  that  ground-wator  discharges  to  the  lake  from  die  southeast  and  the  lake  recharges  die  ground 
water  to  die  nordiwest. 

4.4.2  Surfact-Watbr/Ground-Watbr  Interaction  Al<»«o  First  Crbbk 

Instantaneous  discharge  measuretomits  wm  obtained  during  April  1990  and  June  1990  along  First  Credc 
to  determine  die  gain-loss  rdationships  and  the  degree  of  ground-water/surfrce-water  interaction  dong 
diis  creek.  Discharge  measurmnents  were  obtained  at  11  sites  in  April  1990  and  10  sites  in  June  1990 
during  periods  of  base  flow  dong  First  Credc;  concurrmit  water  levds  were  taken  at  10  adjacmit  ground- 
watm  wdls  during  the  June  study  (Figure  3.4-1). 

In  April  the  data  indicate  diat  First  Credc  was  efllumit  (gaining).  Flow  rates  progressivdy  increased  from 
0.89  cfr  near  the  south  boundary  of  RMA  to  1.08  cfs  at  the  Nordi  First  Credc  monitoring  station  near 
the  nordi  boundary  of  RMA  whme  First  Ckeek  exits  the  Arsmid  C^^igure  3.4-1).  First  Creek  displayed 
an  influoit  (losing)  bdiavior  downstream  from  the  Arsend  to  the  First  Creek  Off-Post  monitoring  station 
(SW37001),  whidi  had  a  flow  rate  of  0.97  cfr. 

Gain-loss  rdationships  on  First  Creek  change  according  to  the  seasons.  In  June  1990  the  creek  was 
influent  from  the  soudi  boundary  in  Section  8  with  a  flow  rate  of  0.21  cfr  to  Section  5  wh^  flow 

- 196- 

SWAR-90.4 
Rm.  02/27/92 


terminated.  From  Section  5  dirougii  Section  31,  30  atkl  24  die  stream  characteristics  fluctuated.  The 
creek  displayed  stagnant,  dry  or  very  low  flow  conditions  and  whoe  die  creek  exited  Section  24  to  die 
north,  it  was  dry  once  again.  During  this  time,  the  creek  had  stagnant  water  from  RMA’s  northern 
boundary  to  a  private  pond  located  one-friurdi  mile  nordi  of  die  Arsenal.  Downstream  from  die  pond. 
First  Creek  b^an  to  flow  again  with  0.17  cfr  at  site  SW37012  but  it  became  influent  as  flow  rates 
progressively  decreased  to  the  First  Creek  Off-Post  monitoring  station  (SW37001)  which  had  a  flow  rate 
of  0.01  cfs. 

Gmerally,  die  majority  of  First  Credc  on  RMA  was  effluent  in  the  spring  and  influmt  in  the  summer. 
The  well  wattf  levels  obtained  in  June  wne  compared  with  stream  stages  at  adjacent  monitoring  stations 
in  order  to  determine  die  ground-water/surface-wat^  rdationships.  The  only  surface-water  monitoring 
station  with  a  sufflcient  amount  of  nearby  wdls  is  Nordi  First  Creek  (Figure  3.4-1).  The  station  was  dry 
in  the  channel  during  diis  time  of  year,  but  there  was  wattt  in  die  stilling  well.  Nordi  First  Credr  has 
an  devation  of  5,141  ft  at  the  mark  on  die  staff  gage.  Approxiniatdy  1,000  ft  downstream  from 
die  station,  Wdl  24183  had  a  water  levd  devation  of  5,132  feet.  Wdl  24106,  adjacent  to  the  station, 
had  a  water  levd  of  5,141  ft,  indicating  that  ground  watm  was  very  close  to  die  surface  hoe.  Wdls 
24096  and  24107  are  located  southeast  of  the  Nordi  First  Creek  monitoring  station.  The  wat»  levds  in 
these  wdls  wa«  5,147  ft,  6  ft  hi^er  dian  the  surfu»-watK  station.  The  data  suggests  diere  is  a  steep 
ground-water  gradioit  between  these  wdls  and  die  surface-watm'  station. 

4.5  OUALFTY  ASSORANCaS/OUALriT  CONTROT.  RESULTS  OP  WATBR-OUALITY  DATA 

QA  is  defined  ftir  the  CMP  as  die  program  for  assuring  and  documenting  the  rdiabUity  of  monitoring 
and  measurement  data.  The  QA  program  fonctions  to  assess  the  precision,  accuracy,  and  comparability 
of  the  andyticd  results  generated  by  die  SurfKe-Water  CMP.  is  die  routine  application  of 
procedures  for  attaining  and  maintaining  the  QA-prescribed  standards  of  pnformance  in  the  sampling  and 
andysis  process.  The  QA/QC  program  implemented  during  die  Surfsce-Wat^  CMP  is  based  on  die 
CMP  Surface  Water  Technical  Plan  (RLSA,  1989a),  the  RMA  Chemical  Quality  Assurance  Plan 
(PMRMA,  1989),  the  requirments  of  the  CMP  contract  Q*MRMA,  1989),  and  the  QA  programs  of  the 
subcontract  laboratories. 

The  requirements  of  die  QA/QC  program  include  the  collection  and  analysis  of  field  QC  samples,  which 
consist  of  field  blanks,  trip  blanks  and  duplicate  (split)  samples.  Additional  samples  are  collected  for 
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otmfiniialMy  GC/MS  analysis.  Field  saiiq)ling  procedures  for  QC  samples  follow  die  same  protocol  used 
for  investigative  sanqiles,  indmling  sample  collection,  handling,  storage,  preservatfon,  documentation  and 
shipping  procedures.  The  QA/QC  Idan  stipulates  the  frequency  at  which  fidd  QC  samples  are  to  be 
collected  and  submitted  to  die  program  laboratories. 

Laboratory  QC  data  are  also  genwated  according  to  die  QA/QC  Plan,  and  ail  such  data  are  rqwrted 
weeUy  to  PMRMA  in  a  QA  Status  Report  accompanied  by  precision  and  accuracy  control  diarts  for  eadi 
sanqile  lot.  Laboratory  QC  procedures  include  die  delineation  of  control  limits  for  matrix  spike  and 
surrogate  spike  recoveries  and  the  evaluation  of  method  blank  data.  QC  data  ate  examined  in  rdadon 
to  die  criteria  established  for  diese  procedures  during  die  analytical  certification  process .  Deviations  from 
die  estaUished  QC  criteria  during  routine  analyses  are  identified  by  die  laboratory  and  ippropriate 
corrective  actions  are  taken.  The  data  are  then  reviewed  for  rdiability  by  the  Program  QA  Officer.  Ar^ 
data  deemed  unacceptable  by  project  management  QA  personnd  are  not  entered  into  die  Installation 
Restoration  Data  Management  System  (ERDMS).  Rejected  data  are  transferred  to  a  rejected  database  file 
for  informational  purposes  only.  Table  4.5-1  catalogs  the  analytes  and  sanqiles  rejected  during  die  Water 
Year  1990  Surface  Water  CMP  on  the  basis  of  laboratory  QC  data.  Because  die  data  rejection  process 
is  stricdy  concerned  with  laboratory  aspects  of  die  QA/QC  Plan,  it  is  not  discussed  furdier  in  this  Annual 
Rqiort. 

4.5.1  Evaluation  Field  QC  Blank  Data 

Field  QC  data  are  genoated  by  collecting  fidd  and  trip  blanks  at  a  rate  of  5  percmt  each  of  the  total 
number  of  investigative  samples  collected.  Fidd  blanks  are  sample  bottles  filled  in  the  fidd  with 
distilled,  organic-free  water  during  sample  collection.  Laboratory  analyses  of  fidd  blanks  indicate 
whedia  ambimit  site  conditions  or  sampling  procedures  may  have  introduced  extraneous  contaminants 
into  die  investigative  samples.  Trip  blanks  are  samples  of  distilled/deionized,  organic-free  wator 
transported  to  the  fidd  site  and  returned  with  the  investigative  samples  to  die  laboratory  unopoied.  Trip 
blank  analysis  reveals  whethw  contaminants  may  have  been  introduced  into  samples  during  transport  and 
handling. 

Three  frdd  blanks  and  two  trip  blanks  were  collected  and  analyzed  during  die  Water  Year  1990  Surface- 
Water  CMP.  No  volatile  organic,  semivolatile  organic,  or  trace  metal  target  analytes  were  detected  in 
these  blanks.  Low-level  major  ion  contamination  (e.g.,  calcium,  chloride,  and/or  nitrate)  was  detected 
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Table  4.5-1  SurfiKe-Waler  Rqected  Data,  Water  Year  1990 


Reacted 

Gaavouiid 

Number  of 
Rejections 

Sample 

Location 

Organic  fiompoamfa 

Aldrin 

6 

SW06002 

SW08003ST2 

SWIIOOIB 

SWIIOOIB 

SW12004B 

SW12005B 

Atraztne 

4 

SW04001ST 

SW08003ST3 

SW11002ST 

SW12006ST 

Benzene 

7 

SW08003ST 

SWIIOOIST 

SW11002ST 

SW12004ST 

SW12005ST 

SW24002ST 

SW37001ST 

Bicyclop.2.1] 

hepta-2,5-diene 

2 

SW06002ST1 

SW12006ST 

2,24>isOK3>loiopliaiyl)- 

1,1,1-tridilororaane 

2 

SWIIOOIB 

SW12005B 

DibromodilorqMqMme 

1 

SW12005B 

Dimetfiyldisalfide 

12 

SWOlOOl 

SW02001 

SW02006 

SW08003 

SW08003FB 

SW08003TB 

SWllOOl 

SW11002 

SW12001 

SW12004 

SW24001 

SW24002 

Dimediylmed^lplio^honate 

1 

SW06002 

Diisopropylmediylphosphonate 

1 

SW06002  • 

Sample 

Date 


07/18/90 

05/30/90 

09/04/90 

04/16/90 

09/04/90 

04/16/90 

07/09/90 

07/09/90 

07/09/90 

07/21/90 

03/09/90 

03/06/90 

03/06/90 

03/08/90 

03/08/90 

03/09/90 

03/09/90 

07/27/90 

07/21/90 


04/16/90 

04/16/90 

04/16W) 

09/06/90 

09/05/90 

09/04/90 

09/07/90 

09/07/90 

09/07/90 

09/04/90 

09/05/90 

09/06/90 

09/04/90 

09/06/90 

09/07/90 

07/18/90 

07/18/90 
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Ttfble  4 J-1  SiitfM»-WMr  Rijectad  Data,  Water  Year  1990  (oontiflned) 


R^ected 

Compound 

Number  of 
Rejedioos 

Sample 

Locaoon 

Sam(de 

Dale 

Ethylbenzene 

7 

SW08003ST 

03/09/90 

SWIIOOIST 

03/06/90 

SW110Q2ST 

03/06/90 

SW12004ST 

03/08/90 

SW120QSST 

03/08/90 

SW24002ST 

03A)9/90 

SW37001ST 

03/09/90 

Hexaddotocydopentadiene 

1 

SW06002 

07/18/90 

Maladiion 

4 

SW04001ST 

07/09/90 

SW08003ST3 

07/09/90 

SW110Q2ST 

07/09/90 

SW12006ST 

07/21/90 

Paradiion 

4 

SW04001ST 

07/09/90 

SW08003ST3 

07/09/90 

SW11002ST 

07/09/90 

SW12006ST 

07/21/90 

Stqmna 

4 

SW04001ST 

07/09/90 

SW08003ST3 

07/09/90 

SW11002ST 

07/09/90 

SW1200^ 

07/21/90 

Toluene 

7 

SW08003ST 

03/09/90 

SWIIOOIST 

03/06/90 

SW11002ST 

03/06/90 

SW12004ST 

03/08/90 

SW12005ST 

03/08/90 

SW24002ST 

03/09/90 

SW37001ST 

03/09/90 

Vi^na 

4 

SW04001ST 

07/09/90 

SW08003ST3 

07/09/90 

SW11002ST 

07/09/90 

SW12006ST 

07/21/90 

m-Xyleoe 

7 

SW08003ST 

03/09/90 

SWIIOOIST 

03/06/90 

SW11002ST 

03/06/90 

SW12004ST 

03/08/90 

SW1200SST 

03/08/90 

SW24002ST 

03/09/90 

• 

SW37001ST 

03/09/90 
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Triile  4.5-1  SorfiKe-Wtfer  Rejected  Date,  Water  Year  1990  (ocmtiaueeO 


iUjeclad 

CoafWQiid 

Nundwr  of 
Rejections 

Sanude 

Location 

Samfde 

Date 

XyteM 

7 

SW08003ST 

03/09/90 

SWIIOOIST 

03A)6/90 

SW110Q2ST 

03/06/90 

SW12004ST 

03A)8/90 

SW1200SST 

03/08/90 

SW240Q2ST 

03/09/90 

SW37001ST 

03/09/90 

laorwoK  Compounds 

Caldum 

9 

SW01004 

04/12/90 

SWOlOQS 

04/12/90 

SWQ2003 

04/12/90 

SW02004 

04/12/90 

SW07001 

04/13/90 

SW070Q2 

04/13/90 

SW12001 

04/13/90 

SW12004 

04/13/90 

SW12005ST3 

03/28/90 

Zinc 

2 

SW12004 

04/13/90 

SW12005ST3 

03/28/90 
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in  all  tfttw  (Md  blanks  and  in  one  tr^  blank,  but  because  of  the  pervaaiveoeas  of  these  ions  uid  die  low 
oonoentrstiMia  observed  reiadve  to  the  investigative  sanqiles,  die  observed  blank  artifiacts  were  judged 
not  to  indicate  significant  potential  problems  widi  investigative  sample  data.  The  generally  vmy  low 
incidence  of  tidd  QC  blank  artifacts  inqilied  that  die  Water  Year  1990  surfiice*water  and  sediment  data 
were  not  compromised  by  fidd  or  laboratory  practices. 

4.5.2  Evaluation  op  Duhjcatb  Analy^s  Data 

Diqilicate  samples  are  defined  under  the  CMP  as  two  identicd  sets  of  sanqile  botties  sidimitted  to  the 
laboratory  for  the  same  andyses.  Duplicates  are  collected  by  dtematdy  filling  pairs  of  identicd  sanqile 
bottles  at  die  sanqiling  site.  The  analyses  of  duplicate  sanities  provide  a  measure  of  die  data  variability 
resulting  from  the  sanqiling  and  andyticd  meduxls  and  can  serve  to  identify  potentid  problems  in  Add 
and  laboratory  {notocols.  In  compliance  with  die  CMP  Tecfanicd  Plan,  six  of  die  sites  in  die  Water  Year 
1990  CMP  SurfrKO-Water  Network  (or  ^roximately  10  percent)  were  sdected  at  random  for  duplicate 
sanqile  collection  and  andysis. 

Duplicate  sample  results  are  summarized  statisticdly  using  die  standard  USEPA  rdative  pment 
difference  (RPD)  parameter.  Included  in  this  summary  are  only  those  duplicate  andyses  for  which  at 
least  one  positive  identification  and  quantitation  was  recorded.  The  RPD  for  eadi  detection  pair  is 
cdcttlated  by  cdculating  die  absolute  vdue  of  the  difference  betwemi  die  two  matched  vdues,  dividing 
diis  diffomice  by  die  average  of  the  two  vdues,  and  dien  multiplying  this  quotient  by  100.  The  RPD 
for  a  matched  pair  of  results  is,  dieiefore,  eiqiressed  as  die  percent  differmice  diat  one  duplicate  result 
deviates  from  the  average  of  the  two  matched  results;  an  RPD  vdue  of  67  percoit  represoits  a  reported 
concmitration  that  is  a  factor  of  two  different  dian  that  of  die  duplicate.  In  generd,  RPD  vdues  are 
meant  to  provide  a  generd  indication  of  rqiioducibiiity  and  should  not  be  evduated  quantitatively. 

Target  andyte  detections  and  RPDs  for  die  duplicate  sanqiles  collected  during  the  Water  Year  1990 
Surface-Watn  CMP  are  shown  in  Table  4.5-2.  The  RPD  vdues  ranged  from  a  low  of  0  percent 
(observed  for  multiple  organic  and  inorganic  andytes)  to  a  high  of  105  perceat  (observed  for  fluoride). 
Odm  RPDs  in  excess  of  67  percent,  represoiting  duplicate  results  that  diffned  by  more  dian  a  factor  of 
two,  were  cdmlated  for  the  two  rqiorted  pairs  of  zinc  detections  (94  and  67  percmit)  and  for  an  isolated 
copper  detection  pdr  (76  percent).  The  highest  RPDs  observed  for  organic  andyte  detection  pairs  were 
96  and  52  percent,  cdculated  for  chlordane  and  DBCP,  respectively.  However,  these  two  detection  pairs 
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woe  near  the  method  CRLs  for  these  analytes,  and  reproducibUity  of  results  near  the  CRLs  is  not 
general^  as  good  as  ftv  results  well  above  die  CRL.  In  general,  RPDs  qipeared  highw  in  diqilicate 
sediment  samples  dian  in  the  duplicate  surfoce-wattf  samples,  which  is  reasonable  considering  the  greater 
heterogeneity  of  the  sediment  sanqiles. 

Average  RPD  values  were  calculated  for  eadi  class  of  target  analytes  to  minimiro  oudier  bias  and  rencter 
a  better  general  assessment  of  sampling  and  analytical  precision.  As  shown  in  Table  4.5-2,  average  RPDs 
of  12.1  percent,  18.2  percent,  and  15.3  percent  were  calculated  for  the  volatile  organic,  semivoladle 
organic,  and  inorganic  analytes,  respectively.  These  values  indicate  a  similar  d^ree  of  precision  for  die 
diree  classes  of  analytical  data.  The  overall  weighted  (geometric)  mean  of  the  RPDs  over  all  the  classes 
of  analytes  is  15.1  percent.  On  average,  dtqilicate  analytical  results  deviate  by  a  factor  of  1.2  from  each 
other  for  the  Water  Year  1990  Surface-Water  CMP.  This  modest  average  deviation  indicates  diat  Water 
Year  1990  Surface-Water  investigative  data  are  of  acceptable  precision  and  diat  sampling  and  analytical 
methods  can  be  considered  reliable. 

4.5.3  BvALUATicm  OP  CKVMS  Confirmation  Results 

The  QA/(K^  Plan  requires  the  collection  of  additional  duplicate  samples  for  confirmatory  (K7MS  analyses 
at  qtproximately  10  percent  of  die  sites  included  in  surface-water  sampling  events.  These  analyses  are 
used  to  verify  GC  method  detections  of  volatile  and  sanivoladle  organic  analytes  and,  hroce,  s^e  to 
measure  die  efficacy  of  the  routine  GC  mediods  used  for  all  organics  analyses  under 
die  CMP.  Nearly  all  organic  analytes  routindy  analyzed  by  GC  tediniques  can  also  be  detmnined  by 
GC/MS  mediods  for  confirmation  purposes.  For  some  sanqiles;  however,  GC/MS  caimot  v«ify  GC 
results  because  die  CRLs  for  GC/MS  mediods  are  goi^ally  higher.  The  greatest  dispariQr  in  CRLs 
between  GC  and  GC/MS  analyses  occurs  in  the  sonivolatile  analyses  of  pesticides. 

The  GC  detections  and  accompanying  GC/MS  confirmation  data  are  presmited  in  Table  4.5-3  for  1 1 
surfKe-water  and  sediment  samples  collected  during  die  Water  Year  1990  san^ling  evrots.  Table  4.5-4 
summarizes  diese  data  and  presents  die  total  numb^  of  confirmed  and  unconfirmed  detections  for  each 
sample  and  for  volatile  and  sonivolatile  analyses  in  geno'al.  Using  die  historical  guiddines  of  previous 
RMA  investigations,  detections  are  considoed  confirmed  if  die  GC  and  GC/MS  concoitrations  are  within 
one  order  of  magnitude  of  each  other. 
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Tdito  4.5-2  &uiiBiary  of  Snifitto-WMr  Diqiliciie  Sniple  AaatyiM,  Wtter  Year  1990 


Rdadi^ 

Percent 

Sampling 

Result* 

Dunlicaie 

rSIS* 

Difference 

Locwon  Analyte 

(RPD) 

yOLAIlLEQRflANICS 

Surfagg-Watw  SmbpIw 

SWllOOl  1,2-Diciiloroediene 

14.4 

14.4 

0 

Tetrachloroediene 

14.8 

12.7 

15.2 

Tridilotoelhene 

14.3 

13.7 

4.29 

SW36001  l.l.l-Trichloroetfaane 

1.16 

0.992 

15.9 

1 , 1 -Didiloroediene 

4.63 

4.28 

7.86 

1 ,2-Didiloroedieiie 

15.1 

14.5 

4.05 

Beozene 

44.8 

32.1 

33.0 

Cbloroform 

198 

198 

0 

Chlorobenzene 

993 

1030 

3.66 

Dibromodiloropropane 

15.2 

14.7 

3.34 

Di^dopentadiene 

47.8 

56.0 

15.8 

Ediylbeozene 

Memyl  isobutyl  ketone 

65.2 

67.5 

3.47 

783 

754 

3.77 

Tetnmoroethene 

78.2 

63.0 

21.5 

Toluene 

16.7 

14.0 

17.6 

Trichloroetfaene 

42.7 

37.3 

13.5 

Xylene 

75.0 

77.1 

2.76 

Sediment  SaniDlfs 

SWIIOOIB  Dibromodiloropropane 

0.00667 

0.0113 

51.5 

Average 

12.1 

SEMIVOLAHLE  ORGANICS 

Surface-Water  Samples 

SW36001  Aldrin 

0.783 

0.642 

19.8 

Atrazine 

39.1 

41.1 

4.99 

Bicydo[2.2.  l]hq)ta-2,S-diaie 
2,2-bis0p-C}ilor(^h«iyl)- 

22.1 

23.8 

7.41 

1,1 -didiloroediene 
2,2-bisCp-Clilorophenyl)- 

0.195 

0.168 

14.9 

1 , 1 ,  l-trichloro^ane 

0.561 

0.465 

18.7 

Diddritt 

2.13 

2.34 

9.40 

Diisopropylmediylphosphonate 

Dim^ylmediylphosphonate 

<0.392 

1.31 

0.433 

1.35 

9.94 

3.01 

Endrin 

0.171 

0.145 

16.5 

Hexadilorocydc^ientadiene 

■  0.258 

0.175 

38.3 

Isodrin 

0.935 

0.807 

14.7 

Paradiion 

61.5 

62.0 

0.810 

Supona 

5.84 

5.87 

0.512 

SWAR-90.TB1 


Table  4.5-2  Sununary  of  Surftce-Water  Duplicate  Sample  Analyses,  Watw  Year  1990  (continued) 


Sampling 

Location 

Analyte 

Result* 

Duplic^ 

Result* 

Relative 

Percrat 

Difference 

(RPD) 

Sediment  Smplw 

SWIIOOIB 

Oilordane 

<0.138 

0.0486 

9S.8 

Average 

18.2 

INORQAMICS 

Surface-Water  Samples 

SW01005 

CSiloride 

44200 

47300 

6.78 

Fluoride 

1070 

1050 

1.89 

Magnesium 

19600 

19900 

1.52 

Nitrate 

1070 

1070 

0 

Potassium 

4780 

4460 

6.93 

Sodium 

S8600 

61600 

4.99 

Sulftte 

96300 

104000 

7.69 

SWllOOl 

Calcium 

22300 

22300 

0 

Chloride 

ISIOO 

16500 

8.86 

Fluoride 

3000 

928 

105 

Magnesium 

3410 

3410 

0 

Nitrate 

1130 

826 

31.1 

Potassium 

3760 

3900 

3.66 

Sodium 

11300 

11300 

0 

Sulfate 

29100 

31500 

7.92 

Zinc 

33.7 

67.8 

67.2 

SW12005 

Calcium 

86400 

87100 

0.807 

Chloride 

47700 

42500 

11.5 

Fluoride 

1380 

1430 

3.56 

Magnesium 

27300 

27800 

1.81 

Nitrate 

4650 

4490 

3.50 

Potassium 

4080 

3860 

4.79 

Sodium 

89200 

89200 

0 

Sulfide 

12900 

111000 

15.0 
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Table  4.S-2  Sutmoacy  of  Surftoe-Water  Du|dica»  Sample  Analyses,  Water  Year  1990  (awdaied) 


Rdative 

Percent 

Sampling 

Result’ 

Duplicate 

Difference 

Location 

Analyte 

Result' 

(RPD) 

SW36001 

Arsenic 

71.6 

72.8 

1.66 

Calcium 

66200 

65200 

1.52 

Chlrwide 

76100 

76500 

0.524 

Fluoride 

2140 

2240 

4.57 

Magnesium 

25200 

24500 

2.82 

Nitrate 

521 

566 

8.30 

Potassium 

5530 

5340 

3.50 

Sodium 

97700 

96100 

1.65 

Sulfote 

133000 

133000 

0 

Scdimatt  S«npl«i 

SW02006B 

<58.6 

79.7 

131 

96.7 

76.4 

19.3 

Zinc 

no 

306 

94.2 

SWIIOOIB 

Lead 

6.62 

10.2 

42.6 

Average 

15.3 

^Concentration  units  are  /tg/1  for  surfoce-water  samples  and  fig/g  for  sediment  samples. 
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Table  4.5-3  GC  and  GCVMS  Confirmation  Results  for  the  Surface-Water  Monitoring  Program,  Water  Year 
1990 


GC  GC/MS 

Sampling  San4)le  Analysis  Confirmamry  Confitm^n 

Locadon  Event  Analyte  Result**^  Result*’^  Status^ 


SW36001 

4/90 

1 , 1 ,2-Trichloroedume 

1.16 

<10.0 

3 

1 , 1-Dichloroethene 

4.63 

<10.0 

3 

1 ,2-Dichloroediene 

15.1 

<50.0 

3 

Benzene 

44.8 

<10.0 

2 

Chloroform 

198 

220 

1 

Chloroboizene 

993 

29.8 

2 

Dibromochloropropane 

15.2 

19.0 

1 

Dii^dopentadiene 

47.8 

40.3 

1 

Ediylbrazene 

65.2 

<10.0 

2 

Memyl  ettiyl  ketone 

783 

<14.0 

2 

Toluene 

16.7 

<10.0 

2 

Tetrachloroediaie 

78.2 

53.7 

1 

Trichloroethoie 

42.7 

37.0 

1 

Xylene 

75.0 

83.2 

1 

SW36001 

9/90 

1,1-Dichloroediene 

2.08 

<1.00 

2 

1 ,2-Dichloroefoene 

9.02 

<5.00 

2 

Benzene 

3.96 

<1.00 

2 

Dibromochloropropane 

5.43 

<12.0 

3 

Di^clopoitadiaie 

20.4 

<5.50 

2 

Toluene 

3.23 

<1.00 

2 

Xylene 

29.6 

<2.00 

2 

SW02006 

4/90 

Chloroform 

5.76 

4.10 

1 

SW37001 

11/89 

Dicydopentadioie 

48.4 

34.0 

1 

Tetracmorodhaie 

0.8'^8 

<0.560 

2 

9/90 

Dicydopentadiene 

19.5 

<5.50 

2 

Sediment  Sami 

SW0i002B 

pies 

4/90 

Dibromochloropropane 

0.0132 

<0.360 

3 

SW36001B 

4/90 

Dibromodiloropropane 

0.110 

<0.360 

3 

SW37001B 

4/90 

Dibromodiloropropane 

0.0145 

<0.360 

3 
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Table  4.5-3  GC  and  GC/MS  Confirmation  Results  for  the  Surfoce-Water  Monitoring  Program,  Water  Year  1990 
(continued) 


GC 

GC/MS 

Sampling 

Locraon 

Sample 

Evmit 

Analyte 

Analysis  Confirm^ry 
Result*’^  Result*’^ 

Confimunion 

Status^ 

SH^QLAmE  ORGANICS 

Surface-Water  Samples 

SW36001 

4/90 

Aldrin 

0.783 

<13.0 

3 

Atrazine 

39.1 

40.8 

1 

Hexachlorocyclopentadieoe 

0.258 

<54.0 

3 

Diddrin 

2.13 

<26.0 

3 

Dimethylmethyl  Phosphonate 

1.31 

<13.0 

3 

Endrin 

0.171 

<18.0 

3 

Isodrin 

0.935 

<7.80 

3 

2,2-bis(p-Qilorophenyl)- 

0.195 

<14.0 

3 

l,l-<lichloroethmie 

2,2-bis(p-Chlorophenyl)- 

0.561 

<18.0 

3 

1,1,1-trichloromane 

Paratiiion 

61.5 

<37.0 

2 

Supona 

5.84 

<19.0 

3 

SW36001 

9/90 

Aldrin 

1.02 

<13.0 

3 

Atrazine 

7.12 

<5.90 

2 

Hexachlorocyclopmitadimie 

0.0718 

<54.0 

3 

p-Chlorophenyl  m^yl  sulfoxide 

17.0 

<15.0 

2 

gjChlorophenyl  methyl  sulfone 

194 

3.99 

252 

<26.0 

1 

3 

Dimefoylmethyl  Phosphonate 

0.771 

<13.0 

3 

Endrin 

1.39 

<18.0 

3 

Isodrin 

0.516 

<7.80 

3 

SW11002 

4/90 

Chlordane 

0.293 

<37.0 

3 

2,2-bisQ)-Chlorophenyl)- 

0.088 

<18.0 

3 

1 , 1-didiloroethene 

Atrazine 

10.2 

<5.90 

2 

SW24001 

4/90 

Aldrin 

0.0703 

<13.0 

3 

SW37001 

11/90 

Atrazine 

9.43 

<5.90 

3 

Chlordane 

0.236 

<37.0 

3 

Diisopropylmethyl  Phosphonate 

<0.392 

160 

2 

9/90 

Atrazine 

12.2 

<5.90 

2 

Diisopropylmethyl  Phosphonate 

124 

113 

1 

Endnn 

0.230 

<18.0 

3 

Paratiiion 

1.35 

<37.0 

3 
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Table  4.5-3  GC  and  GC/MS  Confirmation  Results  for  the  Surface-Water  Monitoring  Program,  Water  Year  1990 

(continued) 


Sanqiiing 

Locadon 

Sample 

Event 

Analyte 

GC  GC/MS 

Analysis  Confimutpry  Confimu^n 

Result*-*  Result*-*  Status^ 

SEMIVQLATlLEi?RGANICS  (continued) 

Sediment  Samples 

SW01002B 

4/90 

Aldrin 

3.30 

7.20 

1 

Chlordane 

0.340 

<0.670 

3 

Diddrin 

1.20 

<0.560 

2 

Endrin 

0.0410 

<0.270 

3 

bodrin 

0.0300 

<0.270 

3 

SWQ2006B 

4/90 

Aldrin 

0.500 

<0.670 

3 

Chlordane 

0.880 

<0.670 

2 

Diddrin 

0.880 

<0.560 

2 

Endrin 

0.0550 

<0.270 

3 

Isodrin 

0.0360 

<0.270 

3 

2,2-bis(p-Clilotophaiyl)- 

0.0160 

<0.510 

3 

1,1-dichlotoedieae 

SW36001B 

4/90 

Aldrin 

4.90 

15.7 

1 

Chlordane 

11.0 

<0.670 

2 

Diddrin 

1.70 

2.72 

1 

Isodrin 

1.30 

0.965 

1 

2,2-bisfo-Chloropha^l)- 

0.100 

<0.510 

3 

1 , 1-didiloroedimie 

^  Concentration  units  are  /tg/1  for  surfoce-water  samples  and  ftg/g  for  sediment  san^les. 

^  A  "less  than"  value  in  this  column  indicates  a  nond^ect  in  die  analysis;  die  rqxirted  value  is  die  CRL  for 
that  analyte. 

3  1  = 

GC  result  confirmed  by  GC/MS  within  one  ord^  of  magnitude. 

2  —  GC  result  not  confinned  by  GC/MS. 

3  «  GC  result  not  confirmable  because  of  higho’  GC/MS  CRL. 

CRL  -Cotified  Rqiorting  Limit 
GC  »gas  diromatogri^hy 
MS  =mass  spectromet^ 

/ig/1  »micro^ams  per  liter 
ftg/g  —micrograms  pw  gram 
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Tldde  4.5-4  Sunmiaiy  of  Surfine-Water  Coofinnatioa  Resulti,  Water  Year  1990 


Sanq>ling 

Locimn 

Nundier  of 
ofGC 
Detections 

Number  of 
Confirmed 
Detections 

Number  of 
UnconfinnM 
Detections' 

Number  of 

Unoonfirmable 

VOLATILE  ORGANICS 

SW36001 

4/90 

14 

6 

5 

3 

SW36001 

9/90 

7 

0 

6 

1 

SW02006 

4/90 

1 

1 

0 

0 

SW37001 

11/89 

2 

1 

0 

1 

9/90 

1 

0 

1 

0 

SW01002B 

4/90 

1 

0 

0 

1 

SW36001B 

4/90 

1 

0 

0 

1 

SW37001B 

4/90 

J. 

-Q 

Ji 

_l 

Total 

28 

8 

12 

8 

SEMIVOLATILE  ORGANICS 

SW36001 

4/90 

11 

1 

1 

9 

SW36001 

9/90 

9 

1 

2 

6 

SW11002 

4/90 

3 

0 

1 

2 

SW24001 

4/90 

1 

0 

0 

1 

SW37001 

11/89 

3 

0 

2 

1 

9/90 

5 

1 

1 

3 

SW01006B 

4/90 

5 

1 

1 

3 

SW02006B 

4/90 

6 

0 

2 

4 

SW36001B 

4/90 

J. 

J. 

J. 

Total 

48 

7 

11 

30 

*  GC  d^ectiom  diat  could  not  be  confirmed  because  of  higher  GC/MS  CRLs. 

CRL  sCertified  Ratting  Limit 
GC  «gas  chromatography 
MS  =mass  spectromet^ 
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As  shown  in  Table  4.5-4,  a  total  of  28  volatile  organics  detections  were  rqaorted  by  GC  methods  in 
sanq)les  also  analyzed  by  GC/MS.  Eight  of  these  detections  (29  percent)  were  confirmed  by  die 
GC/MS  data  widiin  die  ordw-of-magnitude  historical  criterion,  whereas  12  detections  (43  percent)  were 
not  confirmed.  An  additional  seven  ^9  pncoit)  of  die  28  volatile  organic  could  not  be 

confirmed  because  die  rqiotted  GC  concentrations  were  bdow  the  GC/MS  mediod  C»U. 

Of  48  total  semivolatile  GC  detections  summarized  in  Table  4.5-4,  seven  were  confirmed  an<t  eleven  were 
not  confimud  by  GC/MS  analyses  based  on  the  order-of-magnitude  historical  guidelines.  The  remaining 
30  GC  results  were  unconfirmable  because  of  higher  GC/MS  CRLs.  Thus,  15  percent  of  the  semivolatile 
GC  detections  were  confirmed,  23  percent  w«e  not  confirmed,  and  63  percent  were  too  low-levd  to  be 
contirmed  by  the  existing  certified  GC/MS  mediods. 

In  summary,  GC/MS  confirmation  of  routine  GC  analytical  data  was  sometimes  not  possible  of 

the  low  conemtrations  of  target  compounds  genially  encountered  in  the  investigative  surface-water  and 
sediment  samples.  The  GC/MS  analyses  were  most  successful  in  confirming  volatile  organics  Hatn 
because  the  GC/MS  mediod  CRLs  more  closely  approached  the  GC  mediod  CRLs  for  volatiles  analyses 
than  for  semivolatile  anal3rses. 


S.O  DATA  ASSESSME^r^ 


I 


5.1 


SURPACB-WaITO  OUAKimr 


SurfiK»>water  quantity  results  obtained  in  Water  Year  1990  are  discussed  and  compared  to  Water  Years 
1988  and  1989  surface-water  CMP  results.  Significant  differences  from  previous  years,  ^tparott  trends, 
anomalies,  etc.,  are  identified. 


5.1.1  Stream  Flow  Data 


Hems  of  interest  in  a  stream  flow  monitoring  program  indude  rdative  flow  rates  and  volumes  as  wdl  as 
variability  of  flow.  Stream  flow  at  RMA  gaging  stations  and  lake  volumes  have  been  monitored  during 
the  3  years  of  die  CMP  and  conqiarisons  of  these  data  are  presented  in  the  following  sections. 

5.1.1.1  Rates  and  VnlMmes  nf  Plow 

The  stations  diat  had  die  largest  rates  and  volumes  of  flow  during  Water  Year  1990  were  those  measuring 
inflow  to  RMA,  totaling  4,681  ac-ft  for  the  year  and  3,861  ac-ft  for  the  6  montbs  of  April  throu^ 
September,  1990.  Surface-water  inflow  during  these  6  months  in  Water  Year  1990  was  similar  to  inflow 
during  Water  Year  1988,  but  was  considmrdily  larger  dian  inflow  during  Water  Year  1989.  Ihe  Itondale 
Gulch  drainage  basin  tecdved  about  84  percent  of  the  total  inflow  into  RMA  with  only  38  percent  of  diat 
inflow  coming  from  natural  runoff  because  of  the  large  importation  of  water  via  Hi^ine  Lateral  during 
Water  Year  1990.  During  the  months  of  April  through  S^itember,  Highline  Lateral  contributed  46 
percmit  of  the  RMA  inflow  in  1988,  23  percmit  in  1989,  and  57  percent  in  1990.  The  natural  runoff 
inflow  in  die  bondale  Gulch  drainage  basin  (Soudi  Uvalca,  Peoria  Intercqitor,  and  Havana  Interceptor 
stations)  was  1758  ac-ft  in  Water  Year  1990  Q8  percent  of  all  RMA  inflow).  First  Creek  contributed 
only  16  pttcent  to  the  total  RMA  inflow  during  Wata*  Year  1990. 

Of  die  three  bondale  Gulch  drainage  basin  natural  inflows,  die  Havana  Intmc^tor  conv^ed  the  largest 
volume  of  water  to  RMA:  901  ac-ft  during  WatK  Year  1990  and  678  ac-ft  (96  percent)  during  April 
throu^  S^tmnber.  This  annual  volume  r^resoits  a  unit  runoff  from  the  5.227  sq  mi  drainage  area  of 
3.23  in.,  about  29  p^coit  of  the  precipitation  measured  at  die  Soudi  Plants  Rain  Gage  during  die  year. 

-212- 

SWAR-90.5-7 
Rmr.  02/27/92 


The  runoff  for  foe  monfos  of  April  forouc^  September  was  678  ac-ft  in  1990  conq)aied  to  543  ac-ft  for 
foe  same  period  in  1989  and  734  ac-ft  for  foe  same  period  in  1988  (Table  5.1-1.  The  volume  of  inflow 
to  RMA  via  foe  Havana  Interceptor  was  51.3  percoit  of  foe  total  Irondale  Guldi  drainage  basin  natural 
inflow  in  Water  Year  1990,  alfoou^  foe  Havana  Interceptor  drainage  area  is  only  foout  38  percent  of 
foe  total  Irondale  Gulch  drainage  area. 

During  Water  Year  1990,  foe  second  largest  Irondale  Gulch  natural  inflow  to  RMA  was  recorded  at  foe 
South  Uvalda  gaging  station  and  measured  6S9  ac-ft.  During  foe  6  monfos  of  April  through  Scpt«nber 
an  inflow  to  RMA  of  460  ac-ft  was  measured  coiEq;>ared  to  439  ac-ft  in  1989  and  386  ac-ft  in  1988  (Table 
5.1-1).  The  unit  runoff  from  Uvalda  Interceptor’s  7.723  sq  mi  drainage  area  was  1.67  in.,  15.1  percent 
of  foe  precipitation  measured  at  foe  South  Plants  run  gage.  These  figures  are  ai^roximately  onehalf  of 
conq)arable  figures  for  foe  Havana  Intercqttor,  a  rdationfoip  consistuit  with  1989  and  1988.  This 
relaflonship  infers  foat  significantly  more  infiltration  of  precipitation  takes  place  in  foe  South  Uvalda 
watershed  foan  foe  Havana  Intercq>tor  watershed,  alfoough  bofo  are  about  50  percent  urban.  Alfoou^ 
the  drainage  area  contributing  to  die  Soufo  Uvalda  station  is  about  57  percuit  of  foe  Irondale  Guldi 
drainage  basin  soufo  of  RMA,  foe  volume  of  runoff  produced  was  only  39  percent  of  foe  total  natural 
runoff  in  Watar  Year  1990. 

The  Peoria  Int»cqrtor  station  measures  flow  on  foe  smallest  drainage  area  (0.644  sq  mi)  and  measured 
the  smallest  inflow  (168  ac-ft)  during  Water  Year  1990.  The  unit  runoff  of  foe  Peoria  Interc^tor 
drainage  area  was  4.89  in.,  about  44  percent  of  foe  precipitation  measured  at  foe  Soufo  Plants  rain  gage. 
The  runoff  for  April  throu^  September  1990  was  122  ac-ft,  which  is  only  41  percent  of  foe  volume 
measured  during  foe  same  period  in  1989  and  44  percoit  of  foe  volume  measured  during  foe  same  period 
in  1988.  Alfoough  foe  watnsheds  of  Uvalda  Interceptor  and  Havana  Interc^tor  are  considerably  largw 
foan  foe  Peoria  Intarcqitor  watershed,  foe  runoff  volume  at  Peoria  Intercqitor  has  bem  proportionally 
larger  foan  foe  drainage  area  would  suggest.  This  is  an  anomaly  foat  was  also  presrat  during  1989  and 
1988  and  currratly  is  unmqtlained. 

The  runoff  volume  entwing  RMA  via  First  Creek  during  Water  Year  1990  was  729  ac-ft.  This  annual 
volume  represents  ^  unit  runoff  of  0.52  in.,  which  is  only  4.7  pm«nt  of  foe  precipitation  measured  at 
foe  Soufo  Plants  rain  gage.  The  low  percoitage  is  likely  caused  by  foe  higher  rate  of  infiltration  foat 
occurs  in  a  largely  undeveloped  watmhed  of  this  area  during  storm  events.  An  intense  storm  centering 
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on  a  devdoped  watefshed  as  opposed  to  an  undeveloped  watershed  can  result  in  a  significantly  diffident 
runoff.  Historically,  the  unit  ninoff  measured  at  South  First  Creek  gaging  station  has  represemed  a  minor 
percentage  of  precipitation  measured  at  the  Stqtleton  Airport  rain  gage.  The  April  through  Septend)er 
1990  runoff  measured  at  dm  Soudi  First  Creek  gaging  station  was  417  ac-ft,  considnably  greater  dian 
die  263  ac-ft  measured  during  the  same  time  perkxl  in  1989  but  similar  to  the  SOI  ac-ft  measured  during 
the  same  time  period  in  1988  CTable  5. 1-1). 

Higfaline  Lateral  contributed  2,194  ac-ft  of  the  3,9S2  ac-ft  of  water  measured  from  the  Irondale  Guldi 
drainage  area  during  Water  Year  1990;  however,  the  water  in  Highline  Lateral  is  controlled  flow  diverted 
from  die  South  Platte  River  and  is  not  representative  of  watershed  runoff.  The  amount  of  water  rdeased 
to  Highline  Lateral  is  dependent  on  die  utilization  of  Army-owned  diares  of  irrigation  water.  The  amount 
has  varied  considerably  during  the  3  years  of  the  Surface-Water  CMP  and  is  illustrated  in  Table  5. 1-1. 
Highline  Lateral  accounted  for  ^ipioxiinatBly  47  pmxent  of  all  inflow  to  RMA  during  Wattt  Year  1990. 

The  measured  outflow  of  First  Credt  at  die  North  First  Creek  monitoring  station,  which  includes  10.32 
additional  sq  mi  of  drainage  area,  was  significantly  less  than  die  inflow  at  Soudi  First  Creek  (400  ac-ft 
vs  729  ac-ft).  This  rdationship  is  Qq[>ical  of  previous  years  and  r^resents  about  a  45  percoit  loss  of 
surface-water  flow  to  infiltration,  eviq;)oration  and  transpiration.  However,  the  6  month  flow  from  April 
dirou^  September  at  Nordi  First  Creek  was  approximatdy  5.S  times  less  dian  flow  at  Soudi  First  Credr 
during  Water  Year  1990  compared  to  only  1.5  times  less  during  Wat^  Year  1989.  North  First  Credr 
records  do  not  exist  for  1988;  thoefore,  it  is  unclear  what  amount  of  surface-water  loss  is  normal 
betweoi  Soudi  First  Credr  and  North  First  Creek.  The  400  ac-ft  volume  is  a  unit  runoff  of  only  0.20 
in  from  the  36.70  sq  mi  draiiuge  area,  about  1.8  pocent  of  the  precipitation  measured  at  die  South  Plants 
rain  gage  during  die  same  time  period. 

5.1. 1.2  Variability  of  Flow  Rates 

The  variability  of  flow  rates  affects  the  accuracy  of  measurmnent.  The  more  variable  flows  are  generally 
die  most  difficult  to  measure  accuratdy.  The  ratio  of  die  daily  maximum  discharge  to  the  mean  daily 
discharge  is  an  index  of  variability,  and  was  calculated  monthly  for  April  through  September  during 
Water  Years  1988,  1989,  and  L  |Table  5.1-2)  for  the  12  stream  gaging  stations.  In  1990,  die  greatest 
variability  occurred  at  the  Peoria  Interc^tor  station  (May  =  18.8),  the  Ladora  Weir  (August  =  19.6), 
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ttm  Nocth  Uvdda  tti^  ^ilqr  •>  18.9),  and  die  Soidh  Pint  Creek  statioa  (August  >  20.6).  The  ratios 
of  daily  maximum  discharge  to  mean  daily  discharge  have  v<u  led  modenaely  each  year  at  RMA  surface* 
water  monitoring  statkms.  However,  die  gaging  stations  located  on  First  Credc  had  die  least  variidiility 
during  the  observed  d^nonth  period  for  1988,  1989,  and  1990  CTable  S.1-2). 

A  second  index,  die  ratio  of  the  instantaneous  maximum  discharge  to  die  mean  daily  discharge  firom  April 
to  September  1990,  disph^  someediat  die  same  pattern  CTable  5.1-3).  Ratios  exceeded  200  at  die 
Havana  Interceptor  station  in  August  (205.5),  and  the  Peoria  Interceptor  station  in  June  (225.0)  and  at 
the  South  Uvalda  station  in  July  (227.8).  Instantaneous  maximum  disdiarges  at  all  of  the  First  Credc 
stations  were  rdadvdy  small  in  conqiarison  to  the  mean  daily  discharge.  The  average  rtfios  of  conpited 
instantaneous  maximum  disdiarge  to  mean  daily  disdiarge  have  remained  relatively  consistent  from  year 
to  year  (Table  5. 1-3.).  Havana  Interceptor  has  historically  displayed  the  greatest  variability  while  stations 
on  First  Creek  and  stations  monitoring  controlled  flow  typically  possess  die  least  variability. 

5.1.2  Lake  and  Pond  Staob  Data 

Average  monthly  stage  values  for  Upper  Doby  Lake,  Ladora  Lake,  Lake  Mary,  and  Havana  Pond  for 
Water  Years  1989  and  1990  are  presented  in  Table  5.1-4.  Weekly  stage  readings  were  started  by  die 
CMP  in  April,  1988. 

5.1.2.1  Upper  Derby  Lake 

Upper  Derby  Lake  recmves  water  from  the  Highline  Lateral  during  die  summer  months,  therefore,  it  is 
^ically  at  maximum  stage  from  June  to  Septemb^  and  at  minimum  stage  during  die  wintm*  mondis. 
Because  Highluie  Lateral  deliva-ies  were  considerably  larger  and  storage  was  limited  in  Loww  Derby 
Lake  in  Water  Year  1990  conqiared  to  1989,  the  stages  in  die  summer  of  1990  wm  approxinuttdy  3  ft 
to  4  ft  hi^er  than  in  1988  and  1989.  The  high  stage  in  Upper  Derby  Lalm  produced  outflow  to  eastmi 
Upper  Derby  lake.  Once  eastern  Upp^  Derby  Late  reached  its  maximum  ci^acity,  overflow  was 
directed  to  First  Credc  via  die  Upper  Derby  Late  Ovmflow  ditch. 
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Tri>l«  5.1-2  R.t1o  of  O.Uy  N«i<»  Pltetarg.  to  Nmo  O.Uy  Disehor...  April  through  SoptMter,  H.t«-  Voor.  1968,  1969,  and  1990 


Z.ro  df«chor„  periods  of  no  record  end  trace  flows  excluded  fro«  ratio  average 

Partial  Month 
No  Record 

Mean  Daily  Discharge  •  0.00  cfs 
Trace  flow  (>0.00  cfs,  <0.005  cfs) 


Tabu  5.1*3  Ratio  of  Coiiputad  Inatantanaoua  Naxiaua  Diachargo  to  Naan  Daily  Discharga,  April  through  taptaater,  Uatar  Yaara 


Table  5.1-4  Evaporation,  Precipitation,  Lake  Stage  and  SoHege  Treataant  Plant  Dtacharge  Data 
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5. 1.2.2 


The  stage  of  Lower  Derby  Lake  is  normally  held  fiirly  constant  throu^iout  die  year.  This  was  the  case 
during  Water  Year  1990,  although  the  stage  was  hdd  at  about  12  ft,  due  to  spillway  construction 
activities,  conqiared  to  IS  ft  to  16  ft  through  most  of  Water  Years  1988  and  1989. 

S.  1.2.3  LadoraLake 

Consistent  widi  the  historical  record,  the  Ladora  Lake  stage  varied  by  only  about  1  ft  during  Water  Year 
1990.  The  stage  of  Ladora  Lake  is  maintained  at  a  relativdy  constant  level  in  order  to  meet  the  process 
watK^  needs  at  RMA. 

5. 1.2.4  Lake  Mary 

The  measured  stages  of  Lake  Mary  during  Wattf  Year  1990  w^e  consistmt  with  the  historical  record, 
varying  between  a  low  in  the  wintn  and  highest  stages  in  the  summer. 

5.1.2.5  Havana  Pond 

Ihe  measured  stages  in  Havana  Pond  during  Wat»  Year  1990  ^  3  consistrat  with  the  historical  record. 

The  su^e  readied  its  maximum  in  August  in  response  July  and  August  thunderstorms. 

5.1.3  Evaporation  and  PRBCiprrATioN  Data 

Monthly  evaporation  and  precipitation  data  for  Water  Years  1988,  1989  aid  1990  are  presmited  in  Table 
S.1-4.  Evaporation  measured  during  Water  Year  1990  was  essmitially  same  as  Water  Year  1989; 
however,  evi^ration  was  i^proximately  30  pncent  less  during  Water  Year  1988. 

Precipitation  measured  at  Stapleton  Airport  during  Wat^  Year  1990  was  about  the  same  as  during  Water 
Year  1989,  and  1 .67  in  less  than  Water  Year  1988.  Howevm,  as  shown  in  Table  4. 1-1 ,  the  precipitation 
measured  on  RMA  during  Water  Year  1990  was  significantly  less  tiian  the  Stiqileton  precipitation.  More 
years  of  record  are  needed  to  determine  if  thm:e  is  a  consistent  difference  between  the  two  locations. 
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5.2  Surpacb-Watbr  Quality  Assessmbot 

This  section  provides  an  assessment  of  Water  Year  1990  surface-water  quality  results,  as  presented  in 
Sections  4.2.  The  discussion  utilizes  and  compares  historical  surface-water  quality  and  the  assessment 
presented  in  the  FY89  Surface-Water  Data  Assessment  Report  to  identify  spatial  and  temporal  trends  in 
surftce-water  quality  during  the  rq)orting  period.  The  quality  and  accuracy  of  die  pre-RI  data  are  not 
entirely  known;  therefore,  comparisons  b^een  CMP  and  historical  data,  including  the  pre-RI  data, 
should  be  made  with  this  in  mind.  Contamination  is  also  assessed  on  the  basis  of  interpreted  upstream 
baseline  conditions.  In  Section  6.0  of  this  report,  conclusions  are  drawn  regarding  the  trends  idratified 
in  this  section  as  related  to  potential  RMA  and  off-post  source  areas  and  the  possible  rdationships 
b^een  stream  discharge  and  contaminant  com^^itration. 

Mechanisms  for  the  distribution  and  concoitrations  of  diemical  constituents  in  surface  water  and  stream 
sediments  are  diverse  and  can  conq>licate  interpretation  of  data.  Concentrations  of  chemical  constituents 
can  vary  both  spatially  and  temporally. 

Spatial  variations  in  concentrations  of  diemical  constituents  can  occur  over  large  areas  as  the  result  of 
varying  physical  foctors  along  a  stream  reach  and  in  local  areas  within  a  chaimel  cross  section  as  a 
function  of  dq)th  and  flow  velocity.  Factors  affecting  large-scale  spatial  variations  in  constituent 
concentrations  include  proximity  to  contaminant  source  areas,  dilution  as  the  result  of  dianges  in  stream 
flow/discharges  volume,  and  chemical  degradation/transformation  as  a  function  of  exposure  to  sunlight 
and  biological  mechanisms. 

Temporal  variations  in  concentrations  of  chemical  constituents  at  a  given  location  can  occur  as  a  function 
of  seasonal  discharge  changes,  bed  load  transport,  changes  in  base-flow  chemistry,  d^sition  of  wind¬ 
blown  particulates  in  the  channel,  and/or  washing  of  these  particulates  into  the  reach  during  high  events 
and  seasonal  environmental  fluctuations  (e.g.,  temperature). 

With  respect  to  data  assessment,  surface  water  must  be  considered  a  dynamic  system  capable  of  producing 
wide  fluctuations  in  concentrations  of  chemical  constituents,  both  temporally  and  spatially.  Current 
chemical/discharge  data  must  often  be  assessed  in  concert  with  historical  chemical/discharge  data  to 
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recognize  the  fdiysical  and  dianicai  mecfaanisma  influencing  contaminant  detections  and  basic  water 
diemistry  at  a  given  location. 


For  inorganic  constituents,  water-quality  baseline  ranges  ate  d^ined  as  concoitrations  in  water  mitering 
RMA  diat  nuQr  tqiresent  naturally  occurring  conditions  and/or  anthropogenic  influences.  Elevated 
concentrations  of  inorganic  constituents  are  defined  as  concentrations  that  are  elevated  with  respect  to 
water-quality  basdine  ranges. 

For  the  purposes  of  clarity  and  consistency,  the  wattf -quality  assessment  will  be  discussed  according  to 
the  major  drainage  basins  described  in  previous  sections  of  tihis  report.  The  drainage  basins  include  the 
First  Creek  drainage  basin  (Section  5.2.1),  Irondale  Gulch  drainage  basin  (Section  5.2.2),  Soutii  Platte 
drainage  basin  (Section  5.2.3),  and  Sand  Creek  drainage  basin  (Section  5.2.4).  Conclusions  are  discussed 
in  Section  6.0. 

5.2.1  First  Creek  Drainage  Basin 

Surface-water  CMP  locations  sampled  for  watm’-quality  analysis  in  the  First  Credc  drainage  basin  are 
listed  in  Table  3.2-1  and  shown  on  Figure  2.3-3. 

5.2.1. 1  Organic  Compounds  in  Surface  Water. 

Sanqiles  collected  from  five  of  die  1 1  First  Credc  drainage  basin  surface-watw  sanqiling  locations  during 
Water  Year  1990  contained  concentrations  of  organic  compounds  exceeding  the  CRL  (Figure  4.2-2  and 
Table  4.2-2).  Four  of  these  five  sites,  however,  yidded  only  a  single  organic  con^und  dmection  eadi. 
Vapona,  whidi  was  tiie  compound  most  frequently  ddected  above  the  CRL  during  Water  Year  1989 
within  the  First  Credc  drainage  basin,  was  not  reported  in  samples  collected  during  Water  Year  1990. 

The  furthest  upstream  organic  compound  detection  in  the  First  Creek  drainage  basin  during  1990  occurred 
at  (he  First  Creek  Near  North  Plants  (SW30002).  Chloroform  was  reported  at  tiiis  site  during  tiie  spring 
sampling  event.  Historical  data  indicate  that  vapona  was  the  only  organic  compound  previously  reported 
in  samples  collected  from  this  location. 
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Aldrin  wss  reported  in  annples  collected  at  the  Sewage  Treatmem  Rant  (SW24001)  during  die  apring 
sampling  event  and  at  the  Nordi  First  Creek  monitoring  station  (SW240Q2)  during  a  hi^  event  O^faich  9, 
1990).  Historical  data  indicate  that  aldrin  has  been  previously  r^rted  at  die  Sewage  Treatment  Plant 
location,  but  not  at  the  Nordi  First  Creek  monitoring  station. 

DIMP  was  reported  in  samples  collected  from  the  North  Bog  (SW24003)  and  First  Credr  Off-Post 
OSW37001)  monitoring  starioas.  At  the  First  Credc  monitoring  station  (SW37001),  DIMP  was 

detected  above  die  CRL  in  all  four  1990  samples  Qii^  evoit  1  November  29,  1989),  spring,  high  event 
2  (March  9,  1990),  and  fall)  collected  from  this  site.  Historical  data  confirm  die  presence  of  DIMP  in 
surface  water  at  bodi  of  these  locations. 

In  addition  to  DIMP,  several  odier  target  organic  conpounds  were  reported  at  concentratioiis  above  the 
CRL  in  sanples  collected  from  the  First  Credi  Off-Post  monitoring  station  (SW37001)  during  the  high 
event  1,  spring  and  fall  sampling  events.  During  the  November  29,  1989,  high  evmit  sanqiling,  atrazine, 
chlordane,  DCPD,  and  TCLEE  were  reported.  Daring  die  spring  evmit,  DCPD  and  chlordane  were 
r^rted.  During  the  fall  evmit,  DCPD,  midrin,  atrazine,  and  parathion  were  r^rted.  Historical  data 
indicate  die  presence  of  all  the  compounds  rqiorted  at  this  site  in  1990  excqit  parathion  and  TCLEE. 
Howevw,  paradiion  was  not  analyzed  as  a  target  compound  prior  to  1989. 

S.2.1.2  toorgapiC.CQOStitHgPtt  iB-Stirfagg-WtHfr 

Inorganic  constituents  in  surface  water  within  the  First  Credc  drainage  basin  daring  Wat^  Year  1990 
have  been  evaluated  by  comparison  with  established  basdine  concentration  ranges  that  have  been 
intopr^ed  to  rqiresoit  concoitrations  entering  RMA  in  die  surface  water.  Surtiu»  watw  samples 
collected  where  First  Credc  mters  RMA  at  the  South  First  Creek  Boundary  (SW08001)  have  historically 
bear  int^reted  to  be  representative  of  baseline  concentrations.  CMP  Water  Years  1988  through  1990 
and  historical  WRI  data  (Ebasco,  1989a)  have  been  tabulated  in  Table  S.2-1  and  were  used  to  identify 
the  presence  of  elevated  inorganic  constituents  elsewhwe  within  the  First  Credc  drainage  basin.  Because 
dissolved  fraction  analyses  w^e  not  conducted  on  samples  collected  during  Water  Year  1990,  only  the 
total  recoverable  water-quality  baseline  concentration  ranges  were  established.  Baseline  ranges  established 
for  the  First  Creek  drainage  basin  have  not  been  segregated  by  flow  rate  because  of  incomplete  records. 
The  maximum  assumed  values  for  Water  Year  1990  water-quality  baseline  ranges  were  r^resented  by 
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Table  S.2-1  Baseline  Surfsce-Water  Quality  Concentration  Ranges  for  Inorganic  Cons^ueats  Entering  RMA  in 
tbe  First  Creek  Drainage  Basin  at  First  Creek  S<nim  Boundary  (SW08001)‘ 


Analyte 

Total  Recoverable 

Concentrations 

Units 

Mgjgr  Inorganic  C?oiirtitu«tte 

Calcium 

24.4-117 

mg/1 

Magnesium 

17.5-26.9 

mg/1 

Potassium 

3.84  -  5.64 

mg/1 

Sodium 

58.1-92.6 

mg/1 

Chloride 

32.0  -  63.3 

mg/1 

Fluoride 

1.10-1.22 

mg/1 

Sulfide 

11.8-141 

mg/1 

Nitrate 

0.0805  -  1.28 

mg/1 

Trace  Metals 

Arsenic 

<2.35  -  6.56 

Mg/1 

Cadmium 

<6.78-  <8.40 

Mg/1 

Chromium 

<16.8-  <24.0 

Mg/1 

Copper 

<18.8-  <26.0 

Mg/1 

Mercury 

<0.100 

MgA 

Lead 

<43.4  -  <74.0 

Mg/1 

Zinc 

<  18.0  -  <22.0 

Mg/1 

^  Rqiresents  CMP  and  WRI  Rqrart  QEbasco,  1989a)  data 
mg/1  —milligrams  per  liter 
f(g/l  smicrograms  per  liter 
<  sless  than 
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fhe  hi|Mt  oonoeBtntkHM  rapotted  in  nitfiKe  water  where  Pint  Creek  eoten  RMA  at  the  South  First 
Credc  Boundary  ^WOSOOl)  for  each  oons^uent. 

Table  S.2-2  presents  the  elevated  inorganic  constituents  repotted  in  die  First  Creek  drainage  basin  for 
Water  Year  1990  with  respect  to  baseline  ranges  listed  in  Table  S.2-1.  All  monitoring  stations  except 
Eastern  Upper  Derby  Lake  Ditch  (SW06002)  sampled  in  1990  contained  devated  concentrations  of 
inorganic  constituents.  Elevated  concentrations  of  trace  metals,  however,  were  limited  to  three  sample 
locations. 

Zinc  was  rqmrted  above  basetine  concentrations  in  samples  collected  from  die  Soudi  First  Creek  monitor¬ 
ing  station  (SW08003)  during  a  hi^  event  (July  9, 1990),  and  at  the  North  First  Creek  monitoring  station 
CSW24002)  during  the  foil  sanqtling  event.  Neithff  sampling  location  reported  concentrations  of  zinc 
during  previous  sanqiling  events. 

Arsenic  was  reported  above  baseline  concentrations  in  sanQ)les  collected  from  die  Sewage  Treatmmt  Plant 
(SW24001)  during  both  the  spring  and  foil  sanyiling  events.  Historically,  devated  concentrations  of 
arsenic  have  been  reported  at  this  sanqiling  location. 

A  foil  1990  surfoce-watn:  sample  at  North  First  Credr  monitoring  station  (SW24002),  however,  contained 
concoitrations  of  these  major  ions  exceeding  1990  and  historical  CMP  levds  at  all  sites  widiin  the  First 
Creek  drainage  basin.  Historicd  data  indicate  the  continued  existence  of  major  ions  above  basdine 
ranges  widiin  the  First  Creek  drainage  basin.  Water  Year  1988  and  1989  CMP  data  indicated  that  die 
North  Bog  (SW24003)  had  the  highest  concentrations  of  most  of  the  major  ions  in  the  First  Credc 
drainage  basin.  Water  Year  1990  concoitrations  of  calcium,  magnesium,  sodium,  chloride,  fluoride,  and 
sulfate  at  this  location  agree  with  historical  levds. 

fri  addition  to  identifying  inorganic  constituents  above  baseline  levels,  surface-water  samples  collectec' 
from  the  First  Creek  drainage  basin  were  also  characterized  by  water  composition  fype.  Approximately 
IS  percoit  of  the  samples  collected  were  not  included  in  this  assessmrat  because  ion  balance  mors  were 
greatm’  dian  10pm:ait  or  analytical  results  did  not  meet  CMP  QA/QC  requirements.  This 
charactnization  allowed  for  assessmmt  of  seasonal  changes  in  composition  widiin  die  First  Creek 
drainage  basin  and  comparison  to  a  similar  ion  diaracterization  from  the  Water  Year  1989  CMP  data. 


Tabl«  5.2-2  El«v«t«J  inorganic  Conotituont  Concont  rat  font  for  First  Croak  Oralnage  Basin  Saapla  Locationt  for  Motor  Yaw  1990 
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A  lift  of  •orfiKO'Wtter  sanq^M  diancterized  by  chemical  ccmipocitkm  is  pnaeoted  by  sampling  event  in 
Table  5.2*3.  First  Credc  surfiKe  water  entering  RMA  was  diaracterized  as  calcium  bicaibtmate  water. 
Within  eastemrcentral  RMA,  First  Credt  surface-water  con^osition  changes  to  a  sodium  bicarbonate 
water.  SurfKe  water  at  the  North  Bog  (SW24003)  and  First  Creek  surfime  water  downstream  of  RMA 
were  characterized  as  sodium  sulfate  water. 

A  variation  in  the  trends  in  water  composition  noted  above  occurred  during  tiie  ^>ring  1990  sanq>ling 
event.  At  tiiis  time.  First  Ctedc  surfime  water  at  First  Credc  North  Boundary  was  diaracterized  as 
caldum  bicarbonate  water .  This  may  have  been  anomalous  because  caldum  was  only  sli^tly  higher  than 
sodium  in  concentration,  and  construction  activities  affecting  the  First  Creek  dumnd  were  occurring 
iqqiroximately  150  yards  iqistream  during  sattqiling. 

As  shown  in  Table  5.2-3,  few  changes  in  water  composition  have  been  identified  at  sites  sanqiled  during 
1989  and  1990.  Where  diese  changes  occur,  they  appear  to  be  rdated  to  die  flow  rate.  At  Nortii  First 
Creek  monitoring  station  (SW24002),  surface  wata  was  characterized  as  sodium  sulfate  rather  tiian 
sodium  bicarbonate  during  extremdy  low  flow  (<0.01  cfis)  in  tiie  fall  of  1990.  At  First  Credc  North 
Boundary  (SW24004),  surface  water  was  charactnized  as  calcium  bicarbonate  when  disdiarge  was  1.1  cfs 
and  as  sodium  sulfate  when  discharge  was  0. 14  cfe.  These  data  indicate  that  portions  of  the  reach  having 
different  water  conqiositions  and  m^  shift  as  a  result  of  variable  stream  disdiarge.  Thus,  water 
conqKisition  nu^  change  as  the  result  of  varying  dilution  of  baseflow  at  times  of  high  versus  low  stream 
disdiarge. 

5.2.2  iRoetDALB  Gulch  Dratnaob  Basin 

Surfece-water  CMP  locations  sampled  m  the  Irondale  Ouldi  drainage  basin  during  WatM  Year  1990  are 
listed  in  Table  3.2-1  and  shown  in  Figure  2.3-3. 

5.2.2. 1  Organic  Compounds  in  Surface  Water 

Target  organic  compounds  r^rted  in  surface  water  entering  RMA  at  the  soutii^  boundary  during 
Wam  Year  1990  sampling  evmits  indude  the  organodtiorine  pesticides,  aldrin,  chlordane,  dieldrin, 
endrin,  isodrin,  hexadilorocyclopentadimie,  PPDDE,  and  PPDDT;  the  organophosphorus  compounds 
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Table  5.2-3  Pint  Creek  Drainafle  Basin  Surface-Water  Chemical  Characterization  for  Water-Year  1990  CMP^ 
and  Water-Yearl^  CMP 


Surfrce-Waler 

Monitoring 

Station 

FY90 

Spring  Sanqdes 

FY90 

Fall  Sanqiles 

FY90 

Hi^  Event 
Sainqples 

FY89 

Samples 

SW08001 

CaHCO, 

• 

CaHOOj 

SW08003 

CaHGO, 

CaHCO, 

CaHCO, 

CaHCOj 

CaHCO, 

CaHOO} 

SW24001 

NaHOOj 

NaHCO^ 

- 

- 

SW24002 

NaHGO, 

NaS04 

NaHCO^ 

NaHCO, 

SW24003 

NaS04- 

- 

NaS04 

SW24004 

CaHGO, 

- 

- 

NaS04 

SW31002 

CaHGO, 

- 

- 

CaHCO, 

SW31001 

NaHCO, 

- 

- 

NaHOO} 

SW37001 

NaS04 

NaS04 

NaS04 

NaS04 

-  Water  Mpe  was  not  characterized  because  samples  were  not  collected  or  the  analytical  results  did  not  meet 
QA/QC  requirements. 

^  Surface-water  sanmles  from  die  following  sites  were  not  included  in  diis  assessment  due  to  diarge  balance 
errors  in  excess  or  10  percent  or  odier  QA/QC  problems: 


Lsatisa 

Event 

SW06002 

High  Event  (07/18/90) 

SW06002 

Hi^  Event  (07/27/90) 

SW30002 

Spring 
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panthioa,  od  viikmu;  and  the  volatile  migaiiohalogeo  ouBfrauadi  chloroform,  1,1.1- 
triddocoedume,  l,2-dkiilofoetheaB,triddon)edieae,aiidtetracfal<»oetlieimCPiS^  ^-2-1  aiidTable4.2-2). 
Organic  omnpounds  were  reported  in  samples  collected  from  six  of  10  sites  sampled  in  1990  along  die 
RMA  soudiem  boundary  in  Sections  7,  11,  and  12. 

Atrazine  and  the  organodilorine  pestiddes  were  the  most  frequeady  repotted  surfoce-water  contaminants 
at  the  southern  RMA  boundary  locations.  Atrazine  was  detected  above  the  CRL  in  the  spring  and  high 
event  Qdardi  13,  and  Match  28, 1990)  and  sanqiles  collected  from  die  South  Uvalda  (SW12005),  Peoria 
Interceptor  (SWllOOl),  and  Havana  Intercqmir  (SW11002)  monitoring  stations.  Organodilorine 
flesticides  were  reported  in  spring  and  hi^  event  sanqiies  collected  at  the  Storm  Sewer  (SW12004},  Soudi 
Uvalda  (SW1200S),  Peoria  Interceptor  (SWllOOl),  and  Havana  Intercqitor  (SW11002)  monitoring 
stations.  The  organochlorine  pestidde  hexadilorocydopeotadiene  was  rqwrted  in  a  hi^  event  sample 
collected  from  the  Army  Resmve  Storm  Sewer  (SW1200ti)  on  My  21,  1990. 

The  organophosphonis  compounds  paradiion  and  vapona  were  rqiorted  in  high  event  samples  collected 
from  die  Havana  Interceptor  (SW11002)  on  March  13,  1990,  and  Peoria  Interceptor  (SWllOOl)  on 
March  6,  1990,  respectively. 

Chloroform  and  1,1,1-trichloroediane  were  each  ratted  once  in  high  event  samples  collected  from  the 
Havana  frttercqrtor  (SW11002)  on  March  6,  1990,  anl  My  9,  1990,  respectivdy.  The  volatile 
organdialogens  1,2-dichloroediaie,  trichloroetfaeoe,  and  tetrachloroethene  wm  r^rted  in  a  single  high 
event  sample  collected  from  die  Peoria  Intercqitor  (SWllOOl). 

Thme  appears  to  be  very  litde  tenqmnd  consistmcy  in  organic  conqiound  occurrmices  in  surface  watn 
along  the  soudieni  RMA  boundary  during  the  last  two  Water  Years.  Several  compounds  previously 
rqmrted  in  sanqiles  collected  at  soudiem  boundary  locations  in  Water  Year  1989  Occluding  DMMP, 
CPMSO,  and  i^lmies  [o,p])  were  not  rqiorted  in  Watn  Year  1990.  In  addition,  many  of  the  organic 
compounds  rqxirted  in  sanqiles  collected  during  Watm*  Year  1990  have  historically  not  been  rqiorted  for 
these  sampling  locations. 

Atrazine  was  the  most  tmnporally  consistmit  organic  compound  r^rted  above  the  CRL  at  sites  during 
Watm:  Year  1990  sampling  evmts.  Dieldrin  was  detected  above  the  CRL  at  three  sites  during  WatK  Year 
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1990  and  was  temporally  consistent  at  two  of  the  three  sites  whoe  the  sites  were  sampled  more  dun 
once.  The  most  consistmt  organic  compound  occurrence  from  1988  dirough  1990  at  soudiem  RMA 
boundary  sites  was  hexachlorocyclopentadiene.  The  occurrence  of  hmuchlorocycl<^)entadieoe  was 
reported  along  the  soudiem  RMA  boundary  at  the  South  Plants  Water  Tower  Pond  (SW01002;  1990), 
Uvalda  Ditch  A  (SW07001;  1989),  Peoria  Interceptor  (SWllOOl;  1989  and  1990),  Havana  Interceptor 
(SW11002;  1988,  1989,  1990),  Havana  Pond  (SW11003;  1988),  South  Uvalda  (SW1200S;  1988  and 
1990),  and  the  Army  Reserve  Storm  Sewer  (SW12006;  1990). 

Of  the  six  monitoring  stations  located  in  die  South  Plants  Lakes  area  in  Sections  1  and  2  sampled  during 
Water  Year  1990,  only  one  location  had  concentrations  of  target  organic  con^iounds  exceeding  the  CRL. 
Aldrin,  chlordane,  and  DIMP  were  rqiorted  at  Uiqier  Derby  Lake  (SW01004)  during  die  spring.  Pre- 
CMP  historical  data  indicate  that  diese  conqxHinds  have  not  previously  bem  rqiorted  in  surface  water 
in  the  South  Plants  Tjikaa  area.  Compounds  reported  during  historical  CMP  sampling  events  in  this  area 
include  dieldrin,  emlrin,  isodrin,  and  DMMP. 

The  remaining  surface-water  sampling  locations  in  die  Irondale  Gulch  Drainage  Basin  are  located  in  die 
Soudi  Plants  area.  Water  Year  1990  sanqiles  were  collected  from  the  South  Plants  steam  efRumt 
(SW02006)  and  South  Plants  Wat«  Tow«  Pond  (SW01002)  monitoring  stations.  Several  organochlorine 
pesticides,  parathion,  and  DMMP  were  reported  in  a  sanc^le  collected  from  the  Soudi  Plants  Water  Tower 
Pond  (SW01002)  during  the  spring.  A  hi^  event  sample  collected  in  March  at  this  location  contained 
19  target  organic  compounds.  Most  of  the  compounds  detected  above  the  CRL  were  also  rqiorted  for 
a  sample  collected  at  this  location  in  Water  Year  1989.  Historical  data  indicate  that  most  of  these 
compounds  have  previously  been  r^rted  at  this  location. 

Chloroform  was  the  only  target  organic  conqiound  r^mrted  at  the  South  Plants  steam  effluent  monitoring 
station  (SW02006).  Historical  data  indicate  that  both  chloroform  and  DMMP  have  previously  been 
rqiorted  at  this  location. 

S.2.2.2  Inorganic  Constituents  in  Surface  Watoc 

Samples  collected  from  die  upstream  locations  SW07001,  SW07002,  SWllOOl,  SW11002,  SW11003, 
SW12001,  and  SW12005  during  Water  Year  1990  were  used  in  conjunction  with  1988  and  1989  CMP 
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results  at  diese  sites  to  estid}liah  rq>reseDtative  inorganic  water-quality  basdine  concentration  ranges  for 
the  Irondale  Gulch  Drainage  basin.  Baseline  concentration  ranges  were  established  for  bodi  low  flow  and 
elevated  flow  conditions.  Because  dissolved  fraction  analyses  were  not  conducted  on  samples  collected 
during  Water  Year  1990,  only  the  total  recoverable  water-quality  baseline  concoitration  ranges  were 
established.  These  baseline  concentration  ranges  are  presented  in  Table  5.2-4.  The  maximum  assumed 
values  for  Water  Year  1990  water-quality  baseline  ranges  are  rq>resented  by  the  higjhest  concoitration 
rqwrted  in  upstream  RMA  soudiem  bouiuiary  locations  for  each  constitumit  during  Water  Years  1988 
through  1990. 

An  exception  to  the  mediod  of  establishing  maximum  concentration  for  baseline  ranges  is  the  assumed 
maximum  value  for  sulfate  during  base  flow.  The  sulfate  concmitration  at  Uvalda  Ditch  A  (SW07001) 
during  die  spring  sanqilmg  event  was  1,340  mg/L.  This  value  was  considered  anomalous  with  respect 
to  baselioe  concentrations  and  was  not  used  to  revise  the  maximum  basdine  concmitration  for  sulfate 
during  base  flow.  This  r^rted  value  will  thoefore  be  considered  elevated  with  respect  to  established 
baseline  concoitration  ranges  in  subsequent  discussions.  Table  S.2-S  presents  die  inorganic  constituents 
r^rted  at  devated  concoitrations  with  respect  to  baseline  ranges  (Table  5.2-4)  in  the  Irondale  Gulch 
drainage  basin  for  Water  Year  1990. 

Sulfate  and  copper  were  reported  at  elevated  concentrations  in  individual  samples  collected  along  the 
soudiem  RMA  boundary.  Sulfate  was  r^rted  above  basdine  concmitrations  at  Uvalda  Ditch  A 
(SW07001).  Althou^  the  data  from  this  location  were  used  with  other  data  to  establish  basdine  levds 
this  concmitration  was  considered  anomalous,  as  previously  discussed,  and  is  considered  elevated  with 
respect  to  basdine  concentrations.  Copper  was  r^orted  above  basdine  concentrations  at  the  Storm 
Sewer  (SW12004).  A  trend  of  consistent  detections  of  sulfate  and  copper  above  baseline  concentrations 
at  these  locations  is  not  supported  by  historical  data;  however,  die  devated  copper  concentration  is  only 
slighdy  higher  than  the  historical  CRL  for  copper. 

At  the  South  Plants  Water  Tower  Pond  monitoring  station  (SW01002),  elevated  concratrations  of  all 
major  ions  plus  arsenic  and  copp^  were  reported  in  1990  samples.  Historical  data  from  the  Wat^  Year 
1988  CMP  and  the  WRI  Report  (Ebasco,  1989a)  similarly  show  the  occurrence  of  all  these  constituents 
above  baseline  levels  exc^t  copper. 
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TMe  S.2-4  Baseline  SurfiKe-Water  Quality  ConcentmioQ  Ranges  for  Inorganic  Constituents  Emering  RMA 
in  the  Irondale  Guldi  Drainage  Basin  During  Base  and  Elevated  Flow  Conditions 


Analyte 

_ Tnml  Iteenverable  Concentration _ 

Base  Flow  Elevated  Flow 

Units 

Mawrlaompifi 

Conati*»»«>nta 

Caldnm 

14.7  -  86.4 

6.32  -  17.5 

mgA 

Magnesium 

1.91  -  34.2 

0.931  -  5.33 

mg/l 

Potassium 

1.93  -  23.2 

1.97  -  6.70 

mg/1 

Sodium 

6.47  -  202 

2.38  -  27.0 

mg/l 

Chloride 

4.8S-200 

0.740  -  37.5 

mg/l 

Fluoride 

0.484  -  3.00 

<0.482  -  1.22 

mgA 

Sulfrtte 

17.0  -  210 

2.49  -  30.0 

mg/l 

Nitrate 

0.021  -  19.0 

0.400  -  7.08 

mgA 

Traccileala 

Arsenic 

<2.35  -  2.64 

<2.35  -  4.74 

(tgA 

Cadmium 

<8.40-9.8 

<6.78 

MgA 

Chromium 

<16.8-  <24.0 

<  16.8  -  <24.0 

Mg/l 

Copper 

<18.8-21.3 

<18.8-  <26.0 

Mg/l 

Mercury 

<0.100-0.229 

<0.100 

Mg/l 

Lead 

<43.4  -  <74.0 

<43.4  -  <74.0 

Mg/l 

Zinc 

<18.0-115 

<18.0-190 

Mg/l 

Cyanide 

<5.00  -  6.91 

<2.50-  <5.00 

Mg/l 

Note:  Data  incorporated  from  sites  SW07001,  SW07002,  SWllOOl,  SW11002,  SW11003,  SW12001, 
SW12002.  and  SW1200S  for  Water  Years  1988,  1989,  and  1990.  Water  Year  1990  data  were  not 
available  for  site  SW 12002. 


mg/1  ss  milligrams  per  lito’ 
ftg/1  micrograms  p»  liter 
<  -  less  than 
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Fluoride  was  rqwrted  above  baseline  concentrations  in  a  sanq>le  collected  from  die  South  Plants  steam 
effluent  (SW0200($).  Historically,  elevated  concentrations  of  fluoride  have  a{^armidy  not  been  reported 
at  this  site. 


In  addition  to  assessing  elevated  inorganic  constituents,  surfrice-water  sanqiles  collected  from  the  bondale 
Gulch  drainage  basin  wore  also  characterized  by  water  type.  Approximately  one^alf  of  die  sanqiles 
collected  were  not  included  in  this  assessment  because  ion  balance  mors  were  greator  dian  10  percent 
or  analydcal  results  did  not  meet  CMP  QA/QC  requiimnents.  A  list  of  the  diaracterized  surface-water 
types  is  preseided  in  Table  S.2-6. 

In  general,  the  conqposidon  of  surface  water  in  the  Irondale  Gulch  drainage  basin  was  characterized  as 
eidier  a  calcium  or  sodium  bicarbonate  water.  Only  one  surface-water  sample,  collected  from  the  Soudi 
Plants  Water  Tower  Pond  (SW01002),  was  characterized  as  a  calcium  sulfate  water.  The  water  type 
frequendy  changed  during  high  events  from  what  it  had  bemi  characterized  during  \owtt  flow-rate 
conditions.  Three  high  <^mit  samples,  which  had  been  characterized  as  calcium  or  sodium  bicarbonate 
water  during  lower  flow-rate  evoits,  were  characterized  as  sodium  chloride  water  at  the  high^  flow  rate. 
Surface  water  at  the  Havana  Interceptor  monitoring  station  (SW11002)  was  characterized  as  sodium 
chloride  during  low  flow-rate  condition  and  as  sodium  bicarbonate  during  high  event  conditions.  This 
condition  may  be  the  result  of  dilution  of  baseflow  by  surface  runoff  during  hi^  events  and  indicates  that 
surface  runoff  is  contiibuting  bicarbonate  to  tiiese  wate*  bodies. 

S.2.3  South  Platte  Drainaob  Basin 

The  surface-water  CMP  locations  sampled  in  the  Soudi  Platte  drainage  basin  are  Basin  A  monitoring 
station  (SW36001)  and  Basin  F  monitoring  station  (SW26001)  and  are  shown  in  Figure  2.3-3. 

S.2.3.1  Organic  Compounds  in  Surface  Watar 

Samples  collected  from  Basin  A  (SW36001)  during  the  spring  sampling  event  contained  26  targ^  organic 
compounds  and  samples  collected  during  the  fall  sampling  event  contained  23  targ^  organic  compounds. 
Samples  collected  during  die  fall  sanqiling  event  contained  organic  contaminants  at  genm^ly  lower 
concentrations  than  samples  collected  during  the  spring  sampling  event.  Water  Years  1988  and  1989 

f 
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Table  5.2-6  Irondale  Gulch  Drainage  Basin  Surfi^e-Water  Chonical  Characterization  for 
Water  Year  1990* 


Surfoce-Water 

Monitoring 

Station 

1990 

Spring  Samples 

1990 

Fall  Sandies 

1990 

Storm  Evrat 

Samples 

SWOlOOl 

NaHC03 

— 

— 

SW01002 

CaSQ* 

— 

— 

SW02001 

— 

CaHCOj 

— 

SW02006 

NaHCOj/COj 

— 

— 

SWllOOl 

NaHCOa 

— 

NaQ  ' 

SW11002 

NaCl 

— 

NaHCOj 

SW12004 

— 

CaHCOj 

NaCl 

SW12005 

CaHCOj 

NaHCOj 

NaCl 

SW12006 

•• 

CaHCOj 

—  Wato  type  was  not  characterized  because  san^les  were  not  collected  or  die  analytical  results  did 
not  meet  QA/QC  requirranents. 

*  Surface-water  samples  from  the  following  sites  ww  not  included  in  this  assessment  due  to  charge 
balance  errors  in  excess  of  10  percent  or  odier  QA/QC  problems; 


Location 

Event 

Location 

Event 

SWOlOOl 

Fall 

SWllOOl 

High  Event  (03/13/90) 

SW01002 

High  Event  (03/13/90)  SW11002  Fall 

SW01004 

Spring 

SW11002 

High  Event  (03/13/90) 

SW01005 

Spring 

SW11002 

High  Event  (07/09/90) 

SW02003 

Spring 

SW11003 

Spring 

SW02004 

Spring 

SW12001 

Spring 

SW02006 

Fall 

SW12001 

Fall 

SW07001 

Spring 

SW12004 

Spring 

SW07002 

Spring 

SW12005 

Spring 

SWllOOl 

Fall 

SW12005 

High  Event  (03/29/90) 

SWllOOl 

High  Event  (03/06/90)  SWI2007  Spring 
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CMP  data  indicate  a  teiiq)oral  trend  in  die  presence  of  a  large  number  of  organic  constituents  diat  persist 
at  this  location. 


At  the  new  Basin  F  monitoring  station  (SW26001),  samples  were  collected  only  during  high  events.  In 
die  two  samples  collected,  «idrin  was  reported  in  bodi  hi^  event  samples  and  dieldrin  was  repotted  in 
one  hi^  event  sample. 

S.2.3.2  Inorganic  Constituents  in  Surface  Water 

The  conceotrations  of  inorganic  constituents  reported  at  Basin  P  (SW26001)  and  Basin  A  (SW36001) 
monitoring  stations  wece  compared  with  established  watn-quality  basdine  levds  for  the  adjacmt  Irondale 
Gulch  drainage  basin  (Table  5.2-4)  to  determine  concentrations  that  wore  elevated  with  respect  to  baseline 
concentrations.  Elevated  concentrations  are  listed  in  Table  S.2-S. 

The  new  Basin  F  monitoring  station  (SW26001)  had  elevated  levds  of  the  major  ions  calcium, 
magnesium,  and  potassium  during  both  high  events.  A  slighdy  devaled  detection  of  sulfote  was  also 
reported  at  this  location  during  the  first  high  evmit.  The  apparmit  presmice  of  devated  iimrganic 
constituents  at  diis  site  may  be  due  to  its  location  at  an  undefined  channd,  who-e  recently  disturbed  soil 
was  observed  immediatdy  upstream  from  the  station.  As  evidence  of  tiiis  condition,  tiie  sample  collected 
during  die  second  high  evmit  had  a  very  high  concentration  of  TSS  (1900  mg/L). 

The  trace  metds  arsenic,  lead,  copper,  and  chromium  were  detected  above  basdine  levds  at  the  Basin  F 
monitoring  station  (SW26001).  Arsenic  was  rqxirted  above  basdine  levels  during  both  high  events  and 
chromium,  coppm:,  and  lead  were  detected  above  basdine  levels  only  during  the  second  hi^  event. 

The  only  inorganic  constituent  r^rted  above  baseline  levels  at  Basin  A  (SW36001)  was  arsenic. 
Elevated  arsenic  levels  were  rqmrted  during  both  spring  and  foil  sampling  events.  Water  Year  1988  and 
1989  CMP  data  indicate  the  consistent  presence  of  arsenic  at  the  Basin  A  monitoring  station  (SW36001). 

In  addition  to  identifying  inorganic  constituents  above  baseline  levels,  surface-water  samples  collected 
from  the  Soutii  Platte  drainage  basin  were  also  characterized  by  water  type.  One  of  the  four  samples 
collected  during  Water  Year  1990  was  not  included  in  this  assessment  because  the  ion  balance  error  was 
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greater  Aan  10  perceot.  Sur&ce  witfer  from  the  Soudi  Platte  drainage  basin  wu  not  characterized  by 
diMnical  oon^osition  during  Water  Year  1989  therefore  no  comparison  was  made  with  the  Water  Year 
1990  charactmizadons. 

A  list  of  surfoce-watn  samples  characterized  by  chmnical  composition  is  presented  by  sampling  event  in 
Table  5.2-7.  South  Platte  surface  water  at  die  Basin  F  monitoring  station  (SW26001),  udiidi  was  sampled 
only  during  high  events,  was  characterized  as  calcium  bicarbonate  water.  Surface  water  at  Basin  A 
(SW36001)  was  dharacterized  as  sodium  bicarbonate  water  during  die  spring  sampling  event  and  sodium 
sulfate  during  die  fall  sanqiling  event.  The  differmice  in  chemical  composition  of  the  surface  water  at 
Basin  A  (SW36001)  i^pears  to  be  related  to  variable  flow  rate.  The  flow  rate  was  measured  at  0.01 13 
eft  during  die  spring  sanqiling  event  and  at  0.03  cfs  during  die  fall  sampling  event. 

S.2.4  Sand  Creek  Drainage  Basin 

The  surface-water  CMP  location  sampled  in  the  Sand  Creek  drainage  basin  is  Motor  Pool  (SW04001)  and 
is  shown  in  Figure  2.3-3.  This  monitoring  station  was  sampled  only  during  one  high  evmit. 

5.2.4. 1  Organic  Compounds  in  Surface  Water 

There  were  no  organic  compounds  rqxuted  in  the  high  evrat  surface-water  samples  collected  at  this  site. 

5.2.4.2  Trace  Metals  in  Surface  Water 

The  concentrations  of  inorganic  coc>.tituents  detected  in  die  high  event  sample  from  the  Motor  Pool 
(SW04001)  on  July  9,  1990,  were  compared  to  the  water-quality  baseline  levds  established  from  die 
adjacent  Irondale  Gulch  drainage  basin  listed  in  Table  5.2-4.  Elevated  concmitrations  of  arsenic, 
diromium,  copper,  lead,  and  zinc  were  reported  in  this  hi^  event  sample.  These  reported  d^ections, 
howev^,  are  not  supported  by  the  1989  high  event  sample  from  this  location. 
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Table  S.2-7  Soudi  natte  and  Sand  Creek  Drainue  Basins  Surfoce-Watv  Chemical 
Characterization  for  Water  Year  19%  CMP* 


Surfoce-Water 

Monitoring 

Storm  Event 

Station 

Fall  Sandies 

Sanqiles 

FY90 

FY90  FY90 

Spring  Sanqiles 

South  Platte  J^raiMW  B»m 

SW26001 

— 

— 

CaHCO, 

SW36001 

NaHCOj 

NaS04 

Sand  Creek  Prainago  Basin 

SW24002 

-  Water  type  was  not  dharactmzed  because  samples  were  not  collected  or  die  analytical  results  did 
not  meet  QA/(^  requirements. 

^  Surface-water  samples  from  the  following  sites  were  not  included  in  diis  assessmrat  due  to  charge 
balance  errors  in  excess  of  10  percmit  or  odiw  QA/QC  problmns: 

Location  _ Eysal _ 

SW06001  High  Event  (08/19/90) 

SW04001  High  Event  (07/09/90) 
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5.3 


This  section  assesses  sediment  transport  quantity  and  quality  results  for  Water  Year  1990,  as  presented 
in  Sections  4.3.  The  discussion  utilizes  and  conqiares  Water  Year  1990  total  suspended  solids  results  and 
bottom  sedimoits  quality  results  with  Water  Year  1989  results. 

S.3.1  Sediment  Quantity 

The  number  of  surfaco-water  CMP  sites  sanqiled  for  total  suspended  solids  was  increased  considerably 
for  Water  Year  1990  and  is  presented  in  Table  4.3-1.  Only  five  TSS  sampling  sites  were  common  to 
WatN  Years  1990  and  1989.  Streamflow  and  temporal  conditions  differed  considerably  between  19^ 
and  1990  sanqiling  events,  therefore,  corrdation  betwemi  CMP  sediment  quantity  data  is  not  considned 
practical  without  further  sanqiling. 

Comparisons  of  TSS  concentrations  to  corresponding  flow  rates  collected  during  sanq>ling  events  in  Water 
Year  1990  do  not  indicate  diat  a  strong  correlation  exists  between  the  two  parameters  (Table  4.3-1).  For 
example,  TSS  values  for  sanqiles  collected  during  foe  gain/loss  study  on  6/28/90  at  SW37012,  SW3701 1, 
SW37010  increase  in  foe  downstream  direction,  wifo  a  value  of  8.0  mg/L  at  SW37012  to  a  maximum 
value  of  380  mg/L  at  SW37010.  However,  a  sample  collected  at  First  Credi  Off-Post  (SW37(X)1)  has 
a  value  less  than  foe  CRL  (4.(X)  mg/L)  and  is  located  approximatdy  500  ft  downstream  of  SW37010. 
Since  all  flow  rates  were  very  low,  foe  abrupt  downstream  decrease  in  TSS  may  be  attributable  to 
decreased  stream  eddies  allowing  suspoided  sediment  to  settle  rapidly. 

Gmmally,  TSS  concentrations  are  ^qiroximateiy  five  times  greater  in  sanq>les  collected  during  high 
events  foan  samples  collected  during  base  flow  conditions.  Howevw,  high  flow  rates  do  not  always 
directly  rdate  to  hi^  TSS  values,  but  are  more  correspondent  to  foe  nature  of  foe  drainage  area  (i.e., 
vegetation,  urbanization  etc.).  For  exanqile,  foe  highest  TSS  value  recorded  during  Wat^  Year  1990  was 
1900  mg/L  at  foe  Basin  F  monitoring  station  (SW26001),  howevn,  foe  corresponding  disdiarge  was  only 
0.57  cfs.  The  lack  of  vegetation  in  foe  surrounding  watershed  had  a  significant  effect  on  TSS. 
Convosely,  a  high  event  during  March  1990  produced  a  discharge  of  4.51  cfs  at  foe  First  Creek  Off-Post 
monitoring  station  (SW37(X)1),  but  foe  TSS  value  reported  for  this  flow  was  only  7.5  mg/L.  The  First 
Creek  drainage  basin,  like  foe  Basin  F  watershed,  is  not  affected  by  urbanization;  however,  significantly 
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more  vegetation  canopy  in  the  First  Credc  drainage  basin  may  have  bemi  one  reason  for  such  a  low  TSS 
concentration.  As  shown  in  Table  4.3-1,  TSS  vtfsus  discharge  is  highly  variable  at  each  station  with 
more  dian  one  sanq)ling  event. 

The  concentration  of  TSS  in  surface  wattf  can  be  affected  for  a  number  of  reasons.  Although  higher 
flow  rates  can  increase  TSS,  a  variety  of  conditions  can  have  a  strong  influence  on  TSS  concentration 
i.e.,  sampling  technique,  tenqmral  variation,  stream  depdi,  stream  bed  material,  v^etation  canopy,  wash 
load  (amount  of  material  washed  into  the  diannd  during  rainfall  or  snowmelt  runoff)  and  turbulent 
streamflow  fluctuation.  Two  mediods  of  collection  were  used  to  obtain  TSS  sanq>les  during  the  fell 
event.  Sanqtles  were  obtained  directly  into  sample  bottles  and  also  collected  wife  a  DH-48  sanq>ler. 
Comparison  of  die  two  mediods  indicates  diat  samples  acquired  with  the  DH-48  had  TSS  concentrations 
ipproximatdy  39  percent  greater  than  samples  obtained  direcdy  into  sample  botdes. 

S.3.2  Stream-Bottom  Sedimbot  Quauty  Assessment 

This  section  provides  an  assessment  of  Water  Year  1990  stream-bottom  sediment  quality  results  as 
presented  in  Section4.3.2.  The  discussion  utilizes  and  conqiares  historical  data  along  with  the  assessment 
presented  in  die  FY89  Surfece-Watm-  Watm^  Data  Assessment  Report  to  idmitify  spatial  and  tmnporal 
trends  in  stream-bottom  sedimoit  quality  during  die  r^rting  pmod.  In  Section  6.0  of  diis  report,  die 
trmids  identified  in  diis  section  are  related  to  potmitial  RMA  and  off-post  source  areas. 

For  purposes  of  clarity  ai^  consistent,  stream-bottom  sediment  quality  assessmmit  will  be  discussed 
according  to  the  major  drainage  basins  as  described  in  previous  sections  of  this  rqiort.  The  drainage 
basins  include  the  First  Qedc  drainage  basin  (Section  S.3.2. 1),  Irondale  Gulch  drainage  basin  (Section 
S.3.2.2),  South  Platte  drainage  basin  (Section  S.3.2.3),  and  Sand  Creek  drainage  basin  (Section  S.3.2.4). 
Conclusions  are  discussed  in  Section  6.0. 

S.3.2. 1  First  Creek  Drainaye  Basin 

Surface-water  CMP  sites  sampled  for  stream-bottom  sediment  quality  analysis  in  die  First  Creek  drainage 
basin  during  Water  Year  1990  are  as  follows;  South  First  Credk  (SW08003),  Nordi  First  Creek 
(SW24(X)2),  and  First  Cred^  Off-Post  (SW37001)  and  are  shown  in  Figure  1.3-2. 

-241  - 

SWAR-90.5-7 
Rev.  02/27/92 


S.3.2.1.1  Organic  Confounds  in  Streana-Boaom  Sediments 


Only  three  organic  compounds  were  detected  above  the  CRLs  in  die  stream-bottom  sediment  san^les 
collected  during  Water  Year  1990  (Table  4.3-2).  The  distribution  of  organic  conqiounds  in  stream- 
bottom  sediment  is  shown  in  Figure  4.3-1.  Diddrin  was  rqiotted  at  both  die  South  First  Credc 
(SW08(X)3)  and  North  First  Creek  (SW24002)  monitoring  stations.  Aldrin  was  also  reported  at  die  South 
First  Creek  monitoring  station  (SW08003).  DBCP  was  detected  above  the  CKL  at  the  First  Creek  Off- 
Post  monitoring  station  (SW37001).  However,  aldrin,  diddrin,  and  DBCP  were  not  reported  in  any  of 
the  surfoce-wator  sanqiles  collected  from  these  monitoring  stations  during  1990. 

Stream-bottim  sediment  sanqiling  results  from  Water  Year  1989  indicate  that  atrazine  was  detected  above 
die  CRL  during  the  spring  at  bodi  the  South  First  Credc  (SW08003)  and  First  Creek  Off-Post  (SW37001) 
monitoring  stations.  In  addition,  diddrin  was  detected  above  the  CRL  in  die  fall  Water  Year  1989 
sample  collected  from  South  First  Creek  (SW08003).  No  organic  compounds  woe  detected  above  die 
CRL  in  Water  Year  1989  at  the  Nordi  First  Creek  monitoring  station  (SW24002).  Thus,  the  only  stream- 
bottom  sedimoit  sample  result  from  Water  Year  1990  diat  confirmed  historical  results  was  the  detection 
of  diddrin  above  the  CRL  at  South  First  Credc  (SW08003). 

Surfsce-watn  and  stream-bottom  sedimmit  sanqiles  collected  from  die  South  First  Credc  (SW08003), 
North  First  Creek  (SW24002),  and  First  Creek  Off-Post  (SW37001)  monitoring  stations  did  not  have 
occurrmices  of  any  organic  compounds  in  common. 

S. 3.2. 1.2  Trace  Metals  in  Stream-Bottom  Sedimmits 

The  occurrmice  of  trace  metals  exceeding  die  CRLs  in  stream-bottom  sediment  san^iles  was  limited  to 
two  monitoring  station  locations  (Table  4.3-3).  The  distribution  of  trace  m^s  in  stream-bottom 
sediment  is  shown  in  Figure  4.3-1.  Arsenic  and  lead  w«e  r^rted  in  sanqiles  collected  at  the  North 
First  Creek  (SW24002)  and  First  Credc  Off-Post  (SW37(X)1)  monitoring  stations.  In  addition,  mercury 
was  also  reported  in  the  sanqile  collected  at  the  First  Creek  Off-Post  (SW37001)  monitoring  station. 
Surface-water  samples  collected  at  these  locations  during  the  spring  1990  did  not  contain  trace  metals 
above  the  CRL;  however,  a  fall  1990  surface-wattf  sample  at  Nordi  First  Creek  (SW24002)  did  contain 
arsenic. 


-242- 

SWAR-90.5-7 
Rev.  02/27/92 


The  lead  detection  at  Nordi  First  Creek  (SW24002)  was  die  only  1990  trace  metal  detection  confirmed 
by  Water  Year  1989  results.  Water  Year  1989  tnce  metal  detectmns  of  chromium,  oa^pa,  and  zinc 
were  not  confirmed  in  sediment  sanqiles  collected  (fairing  1990. 


Surface-water  and  sediment  samples  collected  at  die  Nordi  First  Creek  (SW24002)  and  First  Creek  Off- 
Post  (SW37001)  monitoring  stations  had  rqiortable  concentradoiis  of  arsenic.  However,  the  arsenic 
concmitrations  repotted  in  the  surface-water  samples  were  iq^roximately  diree  orders  of  magnitude  lower 
dian  concntrations  reported  in  the  sediment  samples.  The  surface-water  and  sediment  sanqiles  collected 
at  the  South  First  Credc  monitoring  station  (SW08003)  did  not  have  similar  occurrences  of  trace  metals. 
The  sediment  sanqile  collected  at  diis  location  had  no  r^rtable  concoitrations  of  trace  metals,  while  die 
surface-water  sample  had  rqiortable  concoitrations  of  arsenic  and  zinc. 

5.3.2.2  Ifondale  Gulch  Drainaye  Basin 

Surface-water  CMP  locations  sampled  for  stream-bottom  sediment  quality  analysis  in  die  Irondale  Gulch 
drainage  basin  during  Water  Year  1990  are  Soudi  Plants  Water  Tower  Pond  (SW01002),  South  Plants 
steam  effluent  (SW02006),  Peoria  Intercqitor  (SWllOOl),  Storm  Sewer  (SW12004),  Soudi  Uvalda 
Intnceptor  (SW1200S)  and  are  shown  in  Figure  2.3-3. 

S.3.2.2.1  Organic  ConqKiunds  in  Stream-Bottom  Sediment 

Stream-bottom  sedimem  sanqiles  woe  collected  from  five  of  the  18  sample  locations  within  the  Irondale 
Gulch  drainage  basin.  The  distribution  of  organic  conqiounds  in  stream-bottom  sedimmit  is  shown  in 
Figure  4.3-1. 

The  diree  sediment  samples  collected  from  locations  along  the  southmi  RMA  boundary  all  contained 
organic  compounds.  DBCP  was  rqiorted  in  sediment  samples  collected  from  the  Peoria  Interc^tor 
(SWllOOl).  Aldrin  and  isodrin  were  r^rted  in  sediment  samples  collected  from  die  South  Uvalda 
monitoring  station  (SW1200S).  Chlordane  and  diddrin  were  r^rted  in  a  sedimrat  sample  collected 
from  the  Storm  Sewer  (SW12004). 
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SurfKe-water  sao4>le8  collected  at  die  aoutfaem  RMA  boundary  during  1990  contained  chlordane, 
dieldrin,  and  aldrin  at  the  same  tocatioiis  these  compounds  were  reported  in  stream-bottom  sedimems. 
The  concentrations  reported  in  surface-water  samples  were  at  least  two  orders  of  magnitude  lower  than 
concentradons  r^rted  in  sediment  samples.  This  is  not  uneuqiected,  but  may  be  observed  due  to  the 
greater  tendency  of  diese  compounds  to  sorb  to  soils  radier  than  occur  in  solution  in  watK,  as  a  function 
of  their  low  solubility  and  hi^  partition  coefficients. 

Historical  1989  CMP  stream-bottom  sedinmnt  results  indicate  that  die  compounds  r^rted  at  the  Storm 
Sewer  (SW12004)  and  Soudi  Uvalda  (SW1200S)  monitoring  stations  in  1990  have  not  previously  beei 
rqiorted  at  these  locations.  This  condition  may  be  attributable  to  die  dynamics  of  sediment  bed  load 
transport.  At  die  Peoria  Inteicqitor  (SWllOOl),  howevw,  die  1990  r^rted  occurrence  of  DBCP  was 
similar  to  a  rqiorted  occurrence  at  this  site  in  1989. 

Target  organic  conqiounds  were  r^rted  in  sediment  samples  collected  in  the  Soudi  Plants  area  at  die 
South  Plants  Water  Tower  Pond  (SW01002)  and  South  Plant  steam  effluent  (SW02006)  sample  locations. 
A  sedimmt  sample  collected  from  the  Soudi  Plants  Water  Town  Pond  (SW01002)  had  rq[>orted  concNi- 
trations  of  aldrin,  chlordane,  diddrin,  oidrin,  isodrin,  and  DBCP.  Surface-water  sanqiles  collected  at 
this  site  in  1990  contained  ail  these  compounds  except  chlordane.  A  sedimrat  sample  collected  at  the 
South  Plants  steam  effluent  ditch  location  (SW02006)  during  the  spring  contained  aldrin,  dilordane, 
diddrin,  endrin,  isodrin,  and  PPDDE.  These  same  compounds  were  also  rqiorted  along  with  PPDDT 
and  hexachlorocyclopentadiene  in  a  sediment  sample  collected  at  tiiis  location  during  die  fall.  Surface- 
water  samples  collected  at  this  location  in  1990  did  not  contain  any  of  the  organic  compounds  reported 
in  sedimmit. 

Water  Year  1989  stream-bottom  sediment  data  indicate  that  aldrin,  diddrin,  isodrin,  and  DBCP  are ' 
consistNitly  r^rted  above  die  CRL  in  sediment  samples  collected  at  the  South  Plants  Water  Tower  Pond 
(SW01002).  At  the  South  Plants  steam  effluent  ditch  location  (SW02006),  Water  Year  1989  data  indicate 
the  consistent  presence  of  aldrin,  dieldrin,  endrin,  and  isodrin. 
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S.3.2.2.2  Trace  Metals  in  Stream-Bottom  Sediments 


Tlie  distribution  of  trace  metals  in  stream-bottom  sediment  in  Water  Year  1990  is  shown  in  Figure  4.3-1 . 
Lead  and  zinc  wne  the  only  trace  metals  rqwrted  in  sediment  samples  collected  along  the  soudieni  RMA 
boundary  in  Water  Year  1990.  These  trace  metals  were  reported  in  sanq>les  collected  from  the  Peoria 
Interccfrtor  (SWllOOl),  South  Uvalda  (SW1200S),  and  Storm  Sewer  (SW12004)  locations.  Water 
Year  1989  data  indicate  the  repeated  presence  of  these  trace  metals  at  die  soudiem  RMA  boundary  mcc^t 
for  lead  at  the  South  Uvalda  (SW1200S)  sanqile  location.  Water  Year  1989  reported  occurrences  of 
arsenic,  o^iper,  and  chromium  along  the  soudiem  RMA  boundary  were  not  repeated  in  1990  sediment 
data,  althou^  copper  and  chromium  were  r^rted  in  surfoce-water  samples  collected  in  1990  in  this  area 
at  SW12004  and  SW12005,  respectivdy. 

Five  trace  metals  were  r^rted  in  sedimmit  samples  collected  in  the  South  Plants  area  in  Water  Year 
1990.  Arsenic,  copper,  lead,  mercury,  and  zinc  were  detected  above  die  CRLs  in  a  sediment  sample 
collected  from  the  South  Plants  Wattf  Towtf  Pond  (SW01002).  Copptf ,  lead,  mncury,  and  zinc  were 
r^rted  in  sedimoit  collected  at  the  Soudi  Plants  steam  efflumt  sample  location  (SW02006). 
Comparison  of  Water  Years  1989  and  1990  CMP  data  indicate  a  consistmt  trend  over  time  in  the 
occurrence  of  die  reported  trace  metals  at  the  South  Plants  steam  efflumt  sample  location  (SW02000 
Comparison  of  South  Plants  Water  Tower  Pond  (SW01002)  data  from  Wat^  Years  1989  and  1990 
indicate  an  inconsistent  trmd  in  the  occurrence  of  trace  metals.  Because  Water  Year  1988  sedimmit 
samples  were  not  collected  from  these  monitoring  locations,  data  are  not  available  for  comparison. 

s.3.2.3  SoBtfa  Plate  Praioage  Pasin 

One  surfoce-water  CMP  location  was  sampled  for  stream-bottom  sediment  quality  analysis  in  the  South 
Platte  drainage  basin  during  Wat^  Year  1990  (Basin  A;  SW36(X)1)  and  is  shown  in  Figure  2.3-3. 

5. 3.2.3. 1  Organic  Compounds  in  Stream-Bottom  Sediments 

Six  organic  compounds  were  rqKirted  in  a  stream-bottom  sediment  sanqile  collected  at  the  Basin  A 
monitoring  station  (SW36001)  during  the  spring  sampling  event.  Five  of  these  six  compounds  w^e  also 
reported  in  the  spring  surface-water  sample  from  this  location.  Thtf e  was  no  corresponding  surface-water 
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d0lMtk»  oi  dilofdtHie  Ae  Batin  A  monitoring  station  (SW36001).  DBCP  was  the  only  organic 
omatitiieat  in  stream-boomn  at  this  sfte  confirmed  by  Water  Year  1989  analytical  results. 


S.3.2.3.2  Trace  Kfetais  in  Stream-Bottom  Sediments 

Sediment  collected  at  the  Basin  A  monitoring  station  (SW36(X)1)  contained  arsenic,  lead,  mercury,  and 
zinc.  Arsenic,  lead,  and  mercury  were  also  reported  in  1989  sediment  data  results  at  diis  site.  Arsenic 
and  zinc  were  the  only  trace  metals  with  a  oorxespooding  occurrence  in  surfime  water  at  this  she  during 
1990. 
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5.3.2.4 


Stream-bott(»n  sedimaDt  samples  w«e  not  collected  from  die  Sand  Creek  drainage  basin  during  Witter 
Year  1990. 

5.4  SUKPACB-WATBR  and  OROUND-WATCR  lOTBRACnON  Assbssmbwt 

The  data  collected  during  Water  Year  1990  hdped  to  determine  die  RMA  surface-water  sites  diat  interact 
widi  ground  water  as  presotted  in  Section  4.4.  The  discussion  of  die  assessment  has  been  divided  into 
sections  for  die  First  Creek  drainage  basin  and  the  Irondale  Oulch  drainage  basin  and  utilizes  prior  CMP 
information  for  conqiarison  when  possible.  Figure  3.4-1  illustrates  the  locations  of  wells  that  were  used 
in  the  surface-water/ground-water  interaction  study. 

5.4.1  First  Creek  Drainaob  Basin 

Instantaneous  discharge  measurmnents  were  collected  for  die  gain/loss  studies  along  First  Credc  twice 
during  Water  Year  1990.  Water  levels  wm  also  obtained  from  monitoring  wdls  located  near  First  Creek 
during  one  of  the  gain/loss  studies.  Howeva,  the  numbor  of  wells  proximal  to  First  Creek  was 
insufficient  for  a  rdiable  detmnination  of  surface-water/ground-water  interaction.  Discharge  data, 
however,  indicate  that  First  Credr  fluctuates  from  effluent  conditions  during  the  spring  to  influent  during 
the  summ^.  These  apparent  conditions  are  in  agremnrat  with  Wator  Year  1989  gain/loss  results.  First 
Credk’s  interaction  widi  ground  water  is  also  apparmt  at  odm  times  of  the  year.  Fir  a?  obs^ed 
at  the  First  Creek  Off-Post  monitoring  station  while  z^  flow  was  observed  iq^proximateiy  i  mi  upstream 
at  the  North  First  Credc  monitoring  station.  This  condition  existed  during  the  collection  of  a  high  event 
sanqile  on  Novonber  29,  1989,  and  indicates  that  a  surface-water/ground-water  interaction  was  presmit 
north  of  RMA. 

5.4.2  Irondale  Gulch  Drainage  Basin 

Ground-water  and  surface-wat^  interaction  is  indicated  by  the  water  levels  in  Havana  Pond,  Upper  Dmhy 
Lake,  Lower  Dmby  Lake,  Ladora  Lake  and  Lake  Mary  in  conjunction  with  adjacent  wdls.  The  relation 
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between  lake  and  pond  levels  widi  adjacem  moaitoring  well  water  levds  are  dq>icted  in  Figures  4.4-1 
to  4.4-5. 


Water  levds  indicate  that  Havana  Pond  is  rediarging  ground  water  to  the  north  and  west;  however,  die 
conditions  to  die  soudi  and  east  are  unknown  since  wdls  are  not  presoit  in  diis  area.  The  CMP  data 
firom  Water  Years  1988  and  1989  also  support  this  assessment.  Recharge  to  ground  water  is  significant 
at  Havana  Pond.  Calculation  of  the  infiltration  rate  after  an  August  storm  event  indicated  diat  46  percent 
of  the  pond’s  storage  volume  was  lost  to  ground-water  recharge  and  evi^ration  widiin  10  days. 

Monitor  well  water  levels  near  Upper  D«by  Lake  indicate  that  ground  water  is  being  rediarged  to  die 
west  and  imrdiwest  of  die  lake.  A  similar  recharge  to  ground  water  occurred  during  Water  Year  1989 
based  on  water  level  data  from  the  same  monitor  wdl  network. 

Lower  Derby  Lake,  based  on  Water  Years  1988  and  1989,  recharged  ground  water  to  die  northwest  and 
the  west,  and  received  discharge  from  ground  water  from  the  soudieast  and  east.  However,  the  direction 
from  which  recharge  and  discharge  occurred  during  Water  Year  1990  differed  from  previous  years. 
Lower  Derby  Lake  rediarged  ground  water  to  die  southwest  and  ground  water  discharged  to  die  lake 
from  die  northeast  in  Water  Year  1990.  This  diffrrmice  from  previous  years  may  have  been  partially  due 
to  the  lower  stage  the  lake  was  maintained  at  during  the  year  while  construction  of  die  Lower  Derby  Lake 
spillway  was  underway.  The  high  stage  that  Upper  D^y  Lake  was  maintained  during  Watmr  Year  1990 
may  also  have  contributed  to  the  change  in  direction  of  recharge  and  discharge  to  and  from  ground  water. 

Ladora  Lake  tqipears  to  recharge  ground  watn  to  die  west  and  receives  ground-water  disdiarge  from  die 
east  and  northeast  based  on  Watn  Year  1990  watm:  levd  data.  Watn  levd  data  collected  during  Water 
Years  1988  and  1989  support  similar  assessmmits. 

During  Water  Year  1990,  Lake  Mary  recharged  ground  water  to  the  northwest  and  received  ground-wato^ 
discharge  from  the  southeast.  This  is  consistent  with  the  assessments  made  in  Wat»  Years  1988  and 
1989. 
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6.0  CONCLUSION 


6.1  Surpacb-Watbr  OuANTrrY  C<»<clusiows 

The  surfiKe-water  measuremeots  obtained  during  Water  Year  1990  represent  the  most  complete  and 
accurate  data  which  have  been  olMained  to  date  at  the  RMA.  The  con^leteness  and  accuracy  of  flow 
measuremems  was  improved  principally  by  die  installation  of  bubbler  and  Dat{q;>od  systems.  Most  of 
fliese  systems  were  installed  during  the  previous  water  year,  thus  Water  Year  1990  was  die  first  complete 
year  of  operation  and  records. 

Likewise,  Water  Year  1990  was  the  first  complete  year  of  on-post  precipitation  measurements.  Sudi 
records  contribute  significandy  to  the  hydrologic  information  base  of  RMA  and  will  improve  treaid 
analyses  of  die  flow  data  in  future  years. 

The  nuyor  volume  of  surface-water  inflow  onto  RMA  occurs  in  the  Irondale  Cjulch  drainage  basin  with 
most  of  die  flow  conveyed  via  the  Highlme  Latoal.  Since  flow  is  controlled  in  Highline  Lateral, 
fluctuations  in  discharge  are  minimal  compared  to  die  urban  natural  inflows  conveyed  dirough  Havana 
hitercqitor,  Peoria  Int»cq[itor,  and  Uvalda  Inteicqitor.  Conversely,  discharge  in  First  Creek  is  also 
natural  but  exhibits  minimal  fluctuations.  This  is  primly  due  to  the  low  percentage  of  urbanization  in 
die  First  Credr  drainage  basin. 

A  large  proportion  of  surface  watK  flowing  onto  RMA  is  lost  to  infiltration,  eviyioration,  and 
transpiration  (RMA  inflow  »  4,681  ac-ft,  outflow  =  329  ac-ft).  Most  of  the  surface-watN  flowing  onto 
RMA  is  stored  in  the  Soudi  Plants  Lakes  and  Havana  Pond  whmre  it  is  allowed  to  evaporate  and  infiltrate 
into  die  ground-water  systmn.  The  ground-water  and  surface-water  intm’action  data  collected  during 
Water  Year  1990  showed  that  at  various  times  of  die  year  First  Credr  fluctuates  between  being  a  gaining 
and  losing  stream  throu^out  RMA.  However,  inflow  was  approximately  two  times  greater  than  outflow 
during  the  year. 

Digital  acquisition  equipmmit  (data  logger/bubbler  systons)  have  provm  to  be  accurate  and  reliable  under 
most  conditions  at  RMA.  This  equipment  has  increased  the  amount  of  stage  data  being  accurately 
collected  throughout  die  year  at  active  stations  during  p^ods  of  freezing. 


6.2 


Surpacb-Watbr  Oualfty  Conclusions 


This  section  provides  a  discussion  of  die  possible  relationships  b^een  discharge  and  contaminant 
concentration  and  die  potential  sources  of  contamination  of  surface-water  quality.  An  attenqit  will  be 
made  to  relate  die  contaminant  distributions  and  trends  assessed  in  Section  5.2  of  diis  report  to  potential 
RMA  and  off-post  source  areas. 

Two  idealized  rdationships  between  concentrations  of  chonical  constituents  and  stream  discharge  are 
shown  in  Figures  6.2-1  and  6.2-2.  Figure  6.2-1  r^resents  physical  conditions  that  produce  a  direct 
relationship  between  concentration  and  discharge.  This  direct  rdadonship  exists  in  cases  in  whidi  a 
constituent  having  a  constant  or  negligible  base-flow  concentration  becomes  elevated  as  die  result  of 
overland  flow  containing  hig^  concentrations  of  die  constituent  into  surface  watn  during  hi^  events. 
This  relationship  has  bem  demonstrated  in  odier  studies  in  the  United  States  Milligan,  ^.al.,  1984; 
Novotony  and  Chest»s,  1981)  in  situations  representing  nonpoint  source  runoff  (e.g.,  gasoline  and 
petroleum  products  washing  from  city  streets  to  surface  watn  during  hi^  evmits).  In  sudi  cases, 
concratrations  of  givmi  constitumts  at  a  sanqiling  location  can  be  transimit,  and  diemical  constituents  can 
be  introduced  into  the  diannel  in  eidrn  dissolved  and/or  particulate  form.  Hie  second  idealized 
rdationship,  shown  in  Figure  6.2-2,  rqpresents  physical  conditions  producing  an  invose  rdationship 
betwem  concoitration  and  discharge.  Hiis  rdationship  exists  in  cases  in  whidi  a  constituent  having  a 
relativdy  constant  base-flow  concentration  is  diluted  by  surface  runoff  having  a  lower  or  negligible 
conc«itration  of  diat  constituent. 

A  third  physical  condition  affecting  concmtrations  (not  d^icted)  would  involve  windblown  d^sition 
of  particulates  directly  into  the  diannel,  causing  fluctuations  in  cbmnical  concmitrations  indqiaideiit  of 
discharge. 

Throughout  tiie  United  States,  nonpoint  source  wat^  pollution  has  bemi  shown  to  be  a  potentially  signi¬ 
ficant  source  in  introducing  organic  and  inorganic  contaminants  to  surface  water.  The  Colorado  Nonpoint 
Source  Task  Force  and  the  Colorado  Wato:  (^ality  Control  Division  (CW(X^)  recmitly  published  an 
assessment  of  Colorado  nonpoint  pollution  sources  (CWQCD,  1989).  Hie  state’s  assessmmit  focused  on 
nonpoint  sources  of  sediment,  salinity,  metals,  bacteria,  and  nutrirats  that  may  impact  surface-water 
quality.  To  date,  baseline  ranges  for  eiqiected  concentrations  have  not  been  established  for  nonpoint 
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sources  of  inoiganic  or  organic  constituents.  Hie  state’s  assessment  does,  however,  demonstrate  tiiat 
noqioint  pollution  has  impacted  Colorado  surface-water  quality. 

The  discussion  of  potential  contamination  sources  and  conclusions  for  the  surfsce-wattf  evaluation  will 
bepresentedaccordingtotiienuijor  drainage  basins  described  in  previous  sections.  These  drainage  basins 
include  the  First  Credc  drainage  basin  (Section  6.2.1),  Irondale  Oulch  drainage  basin  Section  6.2.2), 
South  Platte  drainage  basin  (Section  6.2.3),  and  Sand  Credic  drainage  basin  (Section  6.2.4). 

6.2.1  Fntar  Creek  Drainaoe  Basin 

6.2.1. 1  Organic  Compounds  in  Surface  Water 

Target  organic  compounds  were  not  reported  in  First  Credc  surface  water  entering  RMA  or  along 
southon  readies  of  First  Credt  during  Wato:  Year  1990.  This  would  iqipear  to  indicate  the  inconsistent 
nature  of  Water  Year  1989  detections  of  diddrin,  endrin,  DBCP,  and  vapona  in  First  Credc  surface  watn 
near  the  southeast  RMA  boundary.  These  historical  detections  suggest  an  inconsistmt  source,  such  as 
windblown  material  originating  either  on-post  or  offpost  or  other  nonpoint  source  origins. 

Detection  of  chloroform  at  First  Credc  Near  Nortii  Plant  (SW30002)  was  die  furthest  upstream  organic 
compound  occurrence  in  1990  in  the  First  Credc  drainage  basin.  Historically,  diloroform  has  not  been 
rqiorted  at  tills  location  and  its  occurrmice  in  1990  suggests  an  inconsistmit  mechanism  for  introduction 
of  this  compound  into  the  stream  reach,  such  as  nonpoint  source  runoff  or  surfsce-water/ground-wat^ 
interaction.  Chloroform  ground-water  contamination  has  been  idmtified  in  tiie  North  Plants  area  (RLS A, 
1990c). 

Aldrin  was  rqiorted  in  sanples  collected  at  the  Sewage  Treatment  Plant  (SW24001)  and  North  First 
Credr  (SW24002)  monitoring  stations  in  19S10.  The  occurrence  of  aldrin  at  the  Sewage  Treatment  Plant 
(SW24001)  is  sufported  by  similar  detections  in  pre-CMP  historical  data.  This  inconsistent  occurraoce 
nuty  be  rdated  to  small  amounts  of  chemical  infiltration  into  the  sanitary  sewer  system.  The  anomalous 
detection  of  aldrin  at  North  First  Creek  during  a  high  event  suggests  an  inconsistmit  source,  sudi  as 
nonpoint  source  runoff. 
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DIMP  was  tile  only  target  organic  compound  r^rted  in  a  sample  collected  from  the  Nortii  Bog 
(SW24003).  Historically,  this  conqiound  has  hem  r^rted  at  this  surface-watm’  location  in 
ai^roximately  SO  percent  of  tiie  samples  collected.  The  presmice  of  DIMP  in  the  Nortii  Bog  (SW24003} 
mi^  be  attributable  to  the  p<»sible  seasonal  changes  in  tiie  gaining/losing  nature  of  First  Creek  along  this 
reach  of  tiie  stream. 


DIMP,  DCPD,  TCLEE,  atrazine,  parathion,  endrin,  and  chlordane  were  r^rted  in  samples  collected 
at  tiie  First  Credt  Off-Post  monitoring  station  (SW37001).  The  absmice  of  tiiese  conqxiunds  in  upstream 
samples  and  tiieir  presence  in  ground-water  sanqiles  collected  firom  nearby  Monitoring  Well  37343 
indicate  that  ground  water  is  discharging  to  First  Creek  along  tiiis  reach  of  the  stream.  Tiie  concentra¬ 
tions  and  number  of  conqiounds  rqiorted  i^ipear  to  be  invMsely  rdated  to  tiie  disdiarge  measured  at  this 
location.  Hiis  substantiates  the  conclusion  that  ground  water/base  flow  contribution  to  tiie  creek  accounts 
for  the  presence  of  tiie  r^rted  organic  conqiounds.  These  observations  are  corroborated  by  historical 
CMP  data. 


6.2. 1.2 


in  Surface  Water 


The  occurrence  of  a  large  number  of  major  ion  detections  above  established  basdine  concmitrations  in 
the  First  Creek  drainage  basin  during  Water  Year  1990  is  consistmit  witii  historical  data.  In  gmieral, 
howevo:,  tiiese  devated  levds  are  less  than  two  times  the  established  baseline  concmitrations  and  may 
rq[>resoit  natural  variations  in  water  chonistry  unassociated  witii  RMA  activities. 


The  highest  concentrations  of  major  ions  were  r^rted  at  the  Nortii  First  Credt  (SW24002),  Nortii  Bog 
(SW24003),  and  First  Credc  Off-post  (SW37001)  monitoring  stations.  Elevated  major  ion  concentrations 
in  tiiese  areas  may  be  rdated  to  variations  in  surf»%-watn/ground-water  interaction. 


Major  ion  concoitrations  in  tiie  First  Creek  drainage  basin  generally  show  an  inverse  relationship  between 
concentration  and  discharge.  A  fow  receptions  to  this  tmd,  however,  have  ben  observed.  Potassium 
conentrations,  for  exan^le,  were  frequently  higher  during  high  evnts  in  1990. 
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Arsenic  ocmoeatratioiis  above  baseline  ooncemratkKa  at  tbe  Sewage  Treatment  Plant  CSW24001)  dnrii^ 
1990  ue  consistent  witti  historical  data.  Hie  presence  of  arsenic  at  diis  site  and  not  dsei^ere  in  the  First 
Creek  drainage  basin  indicates  that  arsenic  may  be  rdated  to  RMA  sources. 

6.2.2  lR(»iDALB  Gulch  Drainaob  Basin 

6.2.2. 1  Organic  Compounds  in  Surface  Water 

Sixteen  organic  compounds  were  r^rted  in  surface  water  entering  RMA  along  the  southern  boundary. 
Atrazine  and  die  organodilorine  pesticides  were  die  most  frequendy  rqiorted  compounds.  Paradiion, 
vapona,  and  orgamdialogen  compounds  were  also  rqiorted. 

Most  of  the  rqiorted  oonqKiunds  at  the  soudiem  RMA  boundary  are  not  exclusive  to  RMA  activities  and 
are,  or  have  been,  commercially  available.  Iheiefore,  dieir  occurrence  at  the  soudiem  RMA  boundary 
may  or  may  not  be  rdated  to  RMA  activities.  The  spatial  and  tenqwral  inconsistencies  in  die  occurrence 
of  these  compounds  indicates  discontinuous  noiqioint  sources.  Potential  sources  for  this  contamination 
include:  (1)  windblown  sediment  from  on-post  or  off-post  sources  and  (2)  nonpoint  source  runoff  from 
areas  south  of  RMA.  The  volatile  nature  of  die  organohalogen  conqiounds  may  reduce  the  likdihood  diat 
windblown  sediment  is  the  mechanism  for  didr  distribution.  Iheir  occurrmice  suggests  surface  runoff 
or  nonpoint  source  pollution  from  off-post  areas. 

Thoe  qipears  to  be  a  direct  relationship  between  disdiarge  and  die  concentration  of  atrazine  in  surface 
water  along  die  southern  RMA  boundary  during  1990.  Atrazine  concentrations  increased  during  high 
events  as  compared  to  concentrations  rqiorted  during  base  flow  conditions.  This  may  indicate  that  an 
off-post  nonpoint  source  of  contamination  may  be  responsible. 

The  occurrence  of  organic  compounds  at  Upper  Derby  Lake  (SW01004)  in  Water  Year  1990  is  not 
temporally  consistmit  with  historical  data  from  diis  site.  The  inconsistent  nature  of  diis  contamination 
suggests  diat  die  occurrmce  of  diese  conqiounds  mi^  be  attributable  to  a  nonpoint  source. 

Consistmt  1990  and  historical  detections  of  diloroform  have  been  rqtorted  at  the  Soudi  Plants  steam 
effluent  ditch  (SW02006).  This  occurrence  may  be  rdated  to  diloroform  ground-water  contamination, 
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whidb  occurs  in  tfw  Soutti  Plants  because  underground  steam  pipes  mi^  intersect  the  shallow  ground- 
water  table.  The  continned  presence  of  chloroform  mi^  also  be  related  to  the  use  of  chlorinated  potable 
water  for  steam  generation  at  Soudi  nants. 

Consistent  1990  and  hi^ricai  detections  of  sevmd  organic  con^xnmds  have  been  reported  at  the  South 
Plants  Water  Tower  Pond  ^W010Q2).  Mai^  of  die  same  con^iounds  generally  occur  at  higher 
omcentratfons  in  die  neatly  ground-water  monitoring  Wdl  01061.  This  suggests  that  contamination  at 
diis  she  may  be  die  result  of  contaminated  ground  water  discharged  into  the  pond. 

6.2.2.2  Inorganic  Consthuents  in  Witter 

The  concentradons  of  inorganic  constituents  reported  at  southern  RMA  boundary  locations  in  the  Irondale 
Guldi  drainage  basin  were  used  to  establish  basdine  concntration  ranges.  These  basdine  ranges  for 
surface  water  were  conqiared  to  inorganic  constituent  concentrations  in  the  South  Plants  and  Soudi  Plants 
Lakes  areas  to  assess  the  distribution  of  inorganic  contaminants  at  devated  levds  widi  respect  to  basdine 
ranges.  Because  basdine  ranges  indicate  concoitradons  of  inorganic  constituoits  rqiresentative  of  surface 
water  entering  RMA,  concentrations  of  inorganic  constituents  rqiorted  dx>ve  diese  basdine  ranges  may 
indicate  potendd  surface-water/ground-water  intnaction.  Elevated  inorganic  constituent  detections  wm 
limited  primarily  to  sauries  collected  from  the  Soudi  Plants  Water  Tower  Pond  (SW01002)  in  Water 
Year  1990.  Concoitrations  of  die  major  ions,  phis  arsenic  and  copper,  were  rqiorted  above  basdine 
concentrations  at  this  site.  As  with  organic  conqiouiid  occurrence  at  diis  site,  die  medianism  for  die 
devated  inorganic  constituents  nuQr  be  contamination  caused  by  disdiarge  of  ground  water  into  die  pond. 

hi  general,  major  ion  concentrations  in  the  Irondale  Gulch  drainage  basin  showed  an  inverse  rdationship 
between  concentration  and  discharge  during  1990.  Some  excqitions,  howeva,  did  occur.  Nitrate 
concentrations  at  die  Havana  Intercqitor  monitoring  station  (SW11002),  for  ocan^le,  showed  a  direct 
rdationship  betwem  concoitration  and  discharge  during  1990.  Trace  metal  occurrence  in  the  Irondale 
Gulch  drainage  basin  during  1990  shows  no  dear  rdationship  betwem  concentration  and  discharge. 

6.2.3  South  Platte  Draisaob  Basis 
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6.2.3. 1 


Basin  A  CSW36001)  is  die  sanqiling  site  generally  having  the  highest  organic  conqiound  concentrations 
within  die  CMP  surface-water  sampling  network.  The  two  samples  collected  at  this  site  in  1990 
contained  a  variety  of  organic  con^iounds  from  each  of  the  organic  analytical  mediods  listed  in  Table 
4.2-1.  Surface  water  at  Basin  A  (SW36001)  emanates  from  a  storm  seww,  which  apparmidy  intercqits 
ground  water  beneadi  the  Soudi  Plants.  Hie  surface  water  leaving  Basin  A  (SW36001)  infiltrates  and/or 
evi^rates  in  Basin  A. 

The  two  samples  collected  at  Basin  A  (SW36001)  during  1990  indicate  a  general  inverse  rdationship 
between  contaminant  concentration  and  discharge.  Organic  contaminant  concratrations  were  goierally 
lower  during  the  fail  sampling  evoit  when  flow  was  i^proximately  two-thirds  higher  dian  the  spring. 
This  inverse  rdationship  between  disdiarge  and  die  concentration  and  number  of  organic  con^unds  has 
been  observed  during  both  Water  Years  1988  and  1989  CMP  at  this  site  QtLSA,  1990a,b)  and  Imds 
credoice  to  the  hypodiesis  that  rdativdy  hi^  concentrations  and  large  numbers  of  compounds  are  rdated 
to  die  ground-water  contamination  observed  in  diis  area. 

Diddrin  and  oidrin  were  ratted  at  die  Basin  F  immitoring  station  (SW26001)  in  Wator  Year  1990 
during  hi^  evoits.  This  station  monitors  surface-water  runoff  that  occurs  only  during  a  high  evoit. 
Because  odia  waste^ile  rdated  organic  consdtumits  wwe  not  ddected  and  have  highw  solubilities  in 
water  rdative  to  diddrin  and  endrin  Q.e.,  VOCs),  the  dieldrin  and  oidrin  detections  suggest  an 
inconsistmt  source,  sudi  as  windblown  matmal.  The  physicd  location  of  diis  monitc^g  station  also 
supports  die  conclusion  that  windblown  material  may  be  die  potential  source  of  diddrin  and  mdrin 
observed  in  diese  sanqiles.  This  site  is  located  west  of  the  Basin  F  waste-pile  and  consists  of  a  wide, 
poorly  defined  drainage  that  collects  water  only  during  high  events. 

6.2.3.2  Inorganic  Constituents  in  Surface  Water 

Arsenic  was  die  only  trace  metal  rqiorted  above  baseline  levels  at  Basin  A  (SW36001)  in  Watw  Year 
1990.  Historically,  arsenic  has  consistraidy  occurred  d  this  site  and  is  probably  related  to  RMA  sources. 
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Then  does  not  Mppeu  to  be  a  clear  relation  betweoi  arsenic  concentration  and  discharge  at  die  Basin  A 
monitoring  station.  Arsenic  ooncentradons  varied  only  sli^dy  between  the  two  1990  sanqiling  events, 
even  diough  disdiarge  varied  by  afiproximately  a  ftctor  of  three. 

At  die  Basin  F  monitoring  station  (SW26001),  1990  data  indicate  die  presoice  of  devated  concentrations 
of  die  m^r  ions  calcium,  magnesium,  potassium,  and  sulfitte.  In  addition,  devated  concentrations  of 
the  trace  metals  arstmic,  lead,  copper,  and  chromium  were  also  reported  during  at  least  one  of  die  two 
sanqiling  evoits. 

Elevated  occurrences  of  calcium,  magnesium,  potassium,  and  arsenic  at  Basin  F  monitoring  station 
CSW26001)  were  reported  for  both  1990  sanqiling  events  and  showed  a  direct  rdation  to  discharge. 
Hi^er  concentradons  were  reported  in  the  sample  collected  when  discharge  was  greater.  Hiis 
rdadonship  suggests  noipoint  source  runoff  may  be  contributing  to  diese  devated  inorganic  constituents. 
Hie  inconsistent  detections  of  chloride,  sulfate,  lead,  copper,  and  chromium  also  ^pear  to  suggest  an 
inconsistent  RMA  nonpoint  source  contribution  of  diese  constituents.  Given  the  nature  of  flow  at  diis 
she,  which  occurs  only  during  his^  evmts,  overland  flow  from  die  drainage  area  containing  die  Basin 
F  wastepile  ippears  to  be  die  most  likdy  mechanism  for  the  noipoint  source  contribution  of  these 
inorganic  constituoits. 

6.2.4  Sand  Creek  Drainage  Basin 

6.2.4. 1  Organic  Compounds  in  Surface  Water 

There  woe  no  organic  conpound  detections  above  CRLs  in  surface  water  at  the  Motor  Pool  monitoring 
station  in  1990.  One  detection  of  diddrin  at  this  site  in  1989  suggests  diat  an  inconsistent  source,  such 
as  windblown  material,  may  be  responsible. 

6.2.4.2  Inorganic  Constituents  in  Surface  Water 

The  devated  levds  of  arsenic,  chromium,  copper,  lead,  and  zinc  at  die  Motor  Pool  monitoring  station 
(SW04001),  detected  in  1990,  suggests  an  inconsistent  source  because  devated  levds  of  these  compounds 
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w«fe  not  detected  in  1989.  Because  dUidbarge  was  not  measured  at  this  site  during  die  1989  or  1990 
sampling  events.  His  unknown  whether  die  devstedlevds  of  dieseoomptninds  are  rdated  to  flow  rates. 


6.3 


SBPIMBCTTM 


r  Conclusions 


This  section  provides  a  discussion  of  die  total  suqiended  solids  results  and  die  sediment  quality  results 
that  were  assessed  in  Sections  S.2  and  5.3.  When  ^qilicable,  contaminant  distributions  and  trends  wfll 
be  related  to  potential  RMA  and  off-post  sources. 

6.3.1  Sediment  QuANimr  Conclusion 


The  fKtors  that  control  the  concentration  of  total  suspended  solids  in  surflice  water  are  highly  variable. 
Comparison  of  TSS  concentration  to  disdiarge  rate  did  not  reveal  any  significant  corrdation  at  RMA 
sampling  sites.  Sanqiles  collected  with  a  DH'48  had  TSS  concentrations  ^roximatdy  39  pocent  greats 
dian  samples  obtained  directly  into  sanqile  botdes. 

6.3.2  Steeam-Bottom  Sediment  Quauiy  C(»<clusion 

This  section  discusses  potential  sources  of  contamination  and  condusions  for  die  stream-bottom  sediment 
evaluation  and  is  presented  according  to  the  nuyor  drainage  basins  as  described  in  previous  sections.  The 
drainage  basins  include  die  First  Creek  drainage  basin  (Section  6.3.2.1),  Irondale  Gulch  drainage  basin 
(Section  6.3.2.2),  South  Platte  drainage  basin  (Section  6.3.2.3),  and  Sand  Creek  drainage  basin  (Section 
6.3.2.4). 


6.3.2. 1  First  Creek  Drainage  Bwin 

6.3.2. 1 . 1  Organic  Compounds  in  Stream-Bottom  Sedimrat 

Aldrin,  diddrin  and  DBCP  woe  reported  in  stream-bottom  sedimoits  collected  along  First  Credt.  These 
compounds  were  not  reported  in  surface-watra  samples  collected  Horn  the  same  sampling  locations.  In 
addition,  historical  data  indicate  a  lack  of  consistency  in  the  types  and  locations  of  organic  conqmunds 
in  First  Creek  sedimmits.  These  observations  indicate  tiiat  organic  contaminants  in  First  Ciedc  sedimoats 
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are  not  widespread  and  are  probably  attributable  to  an  inconsistent  source,  such  as  windblown  material 
or  odier  nonpoint  sources.  The  dynamic  nature  of  bed  load  transport  may  possibly  contribute  to  dieir 
inconsistmit  occurrence.  These  data  nuy  also  indicate  diat  die  sources  of  the  compounds  in  each  medium 
are  different  or  that  die  source  of  die  stream-bottom  sediment  contamination  does  not  contribute  to 
surface-water  contamination. 

6.3.2. 1 .2  Trace  Metals  in  Stream-Bottom  Sedimoits 

Trace  metals  were  not  r^rted  in  stream-bottom  sediments  collected  along  the  soudimi  reach  of  First 
Creek.  Arsenic,  lead,  and  mercury  were  reported  in  saixples  collected  along  the  northmn  section  of  First 
Credc.  Arsmiic  was  die  only  trace  metal  rqmrted  in  both  surfisce-water  and  sediment  samples  collected 
at  the  same  sanqiling  locations  (SW240Q2  and  SW37001).  The  concentrations  of  arsoiic  reported  in  die 
surface-water  san^iles  were  ^iproxiniatdy  1,000  times  lower  than  diat  measured  in  the  sediments.  The 
occurrences  of  diese  trace  metals  in  sediments  from  the  nordiem  reaches  of  First  Creek  and  not  die 
soudiem  reaches  indicate  that  they  m^  be  related  to  RMA  activities. 

6.3.2.2  Irondale  Gulch  Drainage  Basin 

6.3.2.2. 1  Organic  Confounds  in  Stream-Bottom  Sedimmits 

Concmitrations  of  aldrin,  chlordane,  diddrin,  isodrin,  and  DBCP  were  rqiorted  in  stream-bottom 
sediments  from  Irondale  Gulch  drainage  basin  sites  along  the  souths  RMA  boundary  in  1990.  Most 
of  these  detections  are  inconsistmit  with  Watw  Year  1989  stream-bottom  sediment  data.  Water  Year  1989 
data  r^rted  several  odm  organic  conqiounds  at  the  same  locations.  DBCP,  howevo:,  has  bera 
consistendy  rqiorted  in  stream-bottom  sedimoits  from  the  Peoria  Int^c^tor.  The  general  lack  of 
consistency  in  die  type  ami  location  of  organic  compounds  in  stream-bottom  sediments  along  the  southern 
RMA  boundary  indicates  diat  an  inconsistent  source,  such  as  windblown  material,  may  be  responsible. 
The  dynamic  nature  of  bed  load  transport  mi^  also  contribute  to  these  inconsistencies.  Because  the 
con^unds  r^rted  in  sediment  along  the  southern  RMA  boundary  were  commercially  available,  it  is 
unknown  whether  they  are  direcdy  rdated  to  RMA  sources. 
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(kganic  compoands  reported  in  stream-bottom  sedimoit  8an4)le8  collected  from  die  Soudi  Hants  at  the 
Soudi  Hants  Water  Tower  Pond  CSW01002)  and  Soudi  Plants  steam  effluent  (SW02006)  sanqile  locations 
during  1990  are  relatively  consistent  widi  Water  Year  1989  results.  Both  die  persistent  occurrmice  of 
organic  conqiounds  at  diese  sites  and  tfaeir  location  within  Soudi  Plants  indicates  that  contamination  is 
probably  related  to  RMA  sources. 

6.3.2.2.2  Tnu»  M^als  in  Stream-Bottom  Sediments 

Relatively  consistmit  d^ections  of  lead  and  zinc  have  bem  rqiorted  in  stream-bottom  sediments  from  the 
Irondale  Gulch  drainage  basin  at  die  three  sites  along  die  southern  RMA  boundary  where  bottom 
sedimmits  wwe  collected  during  Watnr  Years  1989  and  1990.  These  metals  have  also  been  rqiorted  in 
surface  water  at  these  sites.  Their  consistent  occurrmice  may  r^resmt  natural  basdiim  levels  or  sources 
south  and  upstream  of  RMA. 

Arsenic,  mercury,  copper,  lead,  and  zinc  wm  r^rted  in  die  two  stream-bottom  sediment  samples 
collected  from  die  South  Plants  area.  Lead  and  zinc  concentrations  at  these  sites  were  slighdy  higher  than 
those  rqiorted  at  soudion  RMA  boundary  sites  in  1S190.  Water  Year  1989  data  indicate  that  arsenic  and 
coppa  have  previously  been  rqiorted  at  sites  along  the  southern  RMA  boundary.  The  existence  of 
mercury  only  at  South  Plants  sampling  sites  indicates  m^cury  is  rdated  to  RMA  sources.  Rdatively  high 
levels  of  mncury  have  consistendy  been  rqiorted  in  all  four  sediment  samples  collected  during  1989  and 
1990  at  the  Soudi  Plants  steam  effluent  sample  location  (SWQ2006). 

6.3.2.3  South  Platte  Drainage  Basin 

6.3.2.3.1  Organic  Gimpounds  in  Stream-Bottom  Sediments 

A  majority  of  the  organic  compounds  detected  in  a  stream-bottom  sediments  from  Basin  A  monitoring 
station  (SW36001)  wwe  also  detected  in  surface-water  samples  collected  from  this  location.  The  presence 
of  the  organic  compounds  is  probably  related  to  RMA  activities. 
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The  presence  of  clilordane  in  sediments,  but  not  in  surface  water,  is  inconsistent  with  1989  CMP  data. 
Chlordane  was  detected  in  surface  water  during  both  1989  san^>ling  events  but  was  not  detected  in 
sediments. 

6.3.2.3.2  Trace  Metals  in  Stream-Bottom  Sediments 

Arsenic,  lead,  mercury,  and  rdnc  were  detected  above  CRLs  in  stream-bottom  sedimoits  during  1990  at 
the  Basin  A  monitoring  station  (SW36001).  Elevated  levds  of  arsenic,  lead,  and  mercury  were  also 
reported  for  die  1989  sediment  sanqile  collected  at  this  site.  Tliese  trace  metals  are  likdy  to  be  the  result 
of  RMA  activities.  Only  arsenic  and  zinc  had  corre^nding  surface-water  detecdons  at  this  site  in  1990. 

6.3.2.4  Sand  Creek  Drainage  BMin 

Stream-bottom  sediment  samples  were  not  collected  from  the  Sand  Credr  drainage  basin  during  Wattf 
Year  1990. 

6.4  SuRPACB-WATOR/GROUNP-wAraR  iKraaAcnoN  Conclusions 

Gain/loss  studies  conducted  along  First  Creek  during  WatK*  Year  1990  indicate  diat  interaction  between 
surface  water  and  ground  water  occurs.  Flow  in  First  Credc  varies  tmx^rally  and  spatially,  goierally 
behaving  as  an  effluoit  (gaining)  stream  during  the  spring  and  early  summer  mondis  and  as  and  influmt 
(losing)  stream  during  the  late  summer  through  wimn  mondis. 

Ihe  Sottdi  Plants  Lakes  had  interactions  of  surface  water  with  ground  water  that  were  similar  to  previous 
CMP  results.  Gmiehlly,  die  lakes  (Uppa  Derby  Lake,  Lower  D^y  Lake,  Ladora  Lake,  and  Lake 
Mary)  recharge  ground  water  to  the  west  and  northwest.  However,  Loww  Derby  Lake  speared  to 
recharge  ground  water  to  die  southwest  during  Water  Year  1990,  which  is  not  consistent  with  previous 
years.  Grouml-water  discharge  to  the  lakes  genially  occurs  from  the  east  and  southeast.  Again,  Lower 
Doby  Lake  was  not  consistent  with  previous  years  and  appeared  to  receive  ground-wat^  discharge  from 
the  nordieast  during  Watw  Year  1990.  The  recharge/discharge  direction  change  from  previous  years  at 
Lower  Derby  Lake  may  have  been  caused  by  the  low  water  level  maintained  in  the  lake  during  the  year 
in  conjunction  with  a  hi^  water  level  that  was  maintained  at  Upper  Dohy  Lake.  Construction  of  the 
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Lower  Derby  Lake  spillwi^  required  that  lake’s  stage  be  hdd  lower  than  normal.  Upper  Derby  Lake 
accepted  flow  from  Hi^ine  Latnal  and  Uvalda  Interc^)tor  which  is  normally  directed  to  Loww  Dnby 
Lake.  The  resultant  high  stage  at  Upp^  Derby  Lake  could  have  influenced  the  direction  of  ground-wator 
recharge.  Upper  Derby  Lake  does  not  appear  to  receive  any  significant  disdiarge  from  ground-wato’. 

The  hydrognq>h  of  Havana  Pond  and  adjacent  monitoring  wdls  indicate  that  die  pond  is  recharging 
ground  watm:  to  die  north  and  west;  howevtf ,  the  lack  of  wells  on  the  east  mi  south  sides  of  the  pond 
precludes  a  determination  of  die  water  movement  there.  Based  upon  infiltration  calculations,  a  high 
percmitage  of  pond  storage  volume  is  lost  to  ground-water  recharge. 
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Figure  4.2-3 

Occurrence  of  CMP  Surface-Water 
Target  Organic  Compounds  in 
South  Platte  Drainage  Basin 
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Figure  4.2-6 

Occurrence  of  CMP  Surface-Water 
Trace  Inorganic  Constituents  in 
South  Platte  Drainage  Basin 
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Dissolved  Concentration  in  Water 
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Figure  6.2-2 

Inverse  Relationship 
Between  Discharge  and 
Concentration 


